Sol cireuite 


Circuits 252 to 301 








elekitor 
PUBLICATION: 


BIZ ouer id 

















‘The aim of this circuit is to detect the presence of 
a conductive object, provided the object is with- 
in a certain range. The operation of the circuit is 
totally independant of the condition of the ob- 
ject (dead, alive, static or moving), as long as it 
remains within this range. The sensitivity of the 
circuit can be set remotely, by adjusting the pre- 
set potentiometer Pl. This is to avoid wearing 
out shoe leather during the initial (trial an error) 
alignment procedure — repeatedly walking up 
and down to obtain the optimum setting for that 
particular range. 

A rather innocent application of the circuit is its 
use as an invisible doorbell sensor, as the sensor 
could be located inside the house. The most im- 
portant part of the circuit is the Clapp-oscillator 
constructed around transistor Tl. The capacitor 
that’ should be connected in series with the coil 
LI is formed by the sensor plate and the object 
to be detected. Due to the losses of this capaci- 
tor, the output from the oscillator is rather low, 
therefore a single amplifier stage (T2) has been 
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It is common knowledge that Field Effect Tran- 
sistors (FETs) feature a very high impedance — 
well within the Giga-ohm range, in fact. As 





shown in the circuit diagram, one FET is quite 
enough to construct a buffer amplifier with an 

















added. The Schmitt trigger and monostable 
functions are performed by transistors T3 and 
T4. VMOS FETs have been chosen for the sake 
of simplicity and the fact that less components 
are required with respect to bipolar devices in- 
creases the reliability factor (‘what you don’t fit 
don’t go wrong!"). This does of course mean that 
the cost of the project will be somewhat higher. 
Another application is fluid level measurements 
in noisy environments. As the sensor does not re- 
quire physical contact, the fluid could possess 
agressive qualities (for instance, fuming sul- 
phuric acid). 


High input impedance 
voltage follower 


input impedance of 1 GQ . The circuit is simply 
an impedance converter (source follower) with a 
gain of 1 and can be used for a variety of appli- 
cations, such as a buffer for high impedance 
(capacitor) microphones, as an oscilloscope 
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probe etc. 
One way to obtain the required input impedance 
is to connect a 1 GQ resistor between the gate 
of the FET and ground. Unfortunately, such 
high value resistors are not only difficult to ob- 
tain, but they are also rather expensive and so a 
cheaper alternative will have to be found. This 
particular circuit gets around the problem nicely 
by utilising capacitor C2 as a form of ‘boot- 
strap’. Theoretically, the input impedance of the 
circuit should be around 2.2 GQ, but in prac- 
tice will never be greater than about 1 GQ due 
to leakage currents. 

The frequency response of the voltage follower 
extends from 30 Hz to 750 Hz (3 dB points). For 
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Due to the recent breakthrough in power-semi- 
conductor technology it has become relatively 
simple to construct high power equipment for 
use in the car. Exemples of two possible appli- 
cations for power MOSFETs are a 50 Watt 
booster and a 12 V to 24 V converter as shown in 
figures 1 and 2 respectively. 

A booster amplifier intended for use in vehicles 

should at least meet the following requirements: 

. The output power should be greater than 10 
Watts, thereby providing suffici audio 
output to overcome the level of ambient back- 
ground noise (engine, wind etc.). 

. The amplifier needs to be compact without 
putting any constraints on cooling. 

. Performance must be acceptable even under 
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correct operation, the load impedance at the out- 
put should be at least 100kQ. . 





in the 


12V 


24Vv 
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conditions of large fluctuations in power 
supply voltage. 

The circuit shown in figure I meets these de- 

mands quite adequately. It is a bridge version of 

the self-oscillating PWM amplifier with an out- 

put power in the order of 50 Watts. 

If such a high power audio amplifier has to be 

supplied from a 12 V battery, one of the follow- 

ing possibilities may be chosen: 

1, The amplifier operates at 12 V in combination 
with a low impedance load. 

2. The amplifier operates at 12 V and a step-up 
transformer is connected to the output. 

3. A voltage converter is used to increase the 
supply voltage so that the amplifier can de- 
liver the rated output. (The converter may or 


may not include a transformer). 

The advent of the power MOSFET makes the 
third possibility especially favourable. The sim- 
plicity of the design is very apparent from the 
circuit diagram shown in figure 2. In fact, the 
entire converter is just a CMOS power astable 
multivibrator. After rectification and smooth- 
ing, the output voltage is added to the battery 
voltage. 

Obviously, the circuit diagrams only reveal the 
basic principle of operation of the two designs. 
However, both the 50 Watt booster and the 12 V 
to 24 V converter are likely to receive further, 
more extensive treatment in a future issue of 
Elektor. 








299 Six hour timer 





This control unit was originally designed to turn 
off stereo equipment automatically at night, so 
that music lovers who drift off to sleep in their 
easy chairs no lénger need to worry about the 
cost of the next electricity"bill. As the switching 
unit controls a relay, the circuit can be used for a 
multitude of other applications as well. 

The heart of the timing circuit is a 4060 CMOS 
device, which contains an oscillator and a 14 
stage divider. The frequency of the oscillator can 
be adjusted by means of potentiometer Pl so 
that the output at Q13 is approximately one 
pulse per hour. The duration of this clock pulse 


will be very short (about 100 ns), as it also resets 
the entire 4060 IC via diode D8. 

The ‘once per hour’ clock pulse is fed to the sec- 
ond (divide-by-ten) counter, the 4017 IC. One of 
the outputs of this counter will be high (logic 
one) at any one moment. As soon as the 4017 is 
reset, output QO will go high. After an hour, 
‘output QO will go low and output QI will go 
high, etc. Switch S1 therefore enables the oper- 
ator to select a time period of from one to six 
hours. As soon as the selected output goes high, 
the transistor will stop conducting and the relay 
will be deactivated (thereby switching off the 






































tadio/record player etc.). As the enabie input of 
the 4017 is also connected to the wiper of SI any 
subsequent clock pulses will have no effect on 
‘the counter. The unit will therefore remain in the 
‘off’ state until the reset button is depressed. 

The 4050 CMOS buffer IC and the seven LEDs 
have been included to give an indication of the 
number of hours that have actually passed. 
These components can, of course, be omitted if 
an elapsed time display is not required. The 
supply voltage for the circuit is not critical and 


may be anywhere between 5 and 15 V. The cur- 
rent consumption of the circuit, not including 
the relay, is in the order of 15 mA. It is best to 
choose a supply voltage that is equal to the rating 
of the relay, so that any trouble is avoided. The 
BC 516 transistor can pass a current of 400 mA. 
If desired, two BC 557 (or similar) transistors 
may be connected as a darlington-pair instead. 
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QRS VOX for PA systems 





An annoying problem with PA systems is their 
tendency to whistle or ‘howl’ due to feed back 
phenomena. There are a number of methods of 
avoiding the problem, the most obvious being 
the repositioning of the speakers in relation to 
the microphone. However, this is not always 
possible and the object of this article is to pro- 
vide an answer for those difficult situations 
where feedback appears to be ‘built in’. 
It is well known that lowering the frequency be- 
tween the microphone and the PA amplifier by 
about 5 Hz will reduce feedback in many situ- 
ations when all else seems to fail, but a ‘fre- 
quency shifter’ is an expensive piece of equip- 
ment and even then, its effectiveness is not 
always on a par with its cost. Since feedback re- 
quires time to build up, a simple solution to the 
problem would be to keep the microphone 
switched off for as long as possible, in fact, right 











up to the point at which speech begins. In other 
words, a voice operated switch or VOX. 

This design is based on a National IC, the 
LM 346, This contains four programmable op- 
amps which can, be used in a variety of appli- 
cations. Briefly the circuit works as follows: The 
speech signal from the microphone is amplified 
by opamp Al and then fed to two further op- 
amps, A2 and A3. The latter is simply a unity 
gain buffer for the PA amplifier. Opamp A2, 
together with diode D1, is used as a rectifier 
which converts the amplified microphone signal 
into a positive DC level. Any ripple voltage is 
smoothed out by capacitor C3. When the voltage 
across this capacitor is higher than the level set 
on the inverting input of A4 (with potentiometer 
PI), the output of the comparator (A4) will go 
high. This output can be used to control a relay 
or similar device. This DC level is also fed to the 
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control pin (9) of opamp A3 via resistor R8. This 
opamp will only operate while this pin is held 
high. Therefore, when speech into the micro- 
phone ceases, A3 no longer operates and the 
main power amplifier remains inactive. 

A high yalue resistor (R6) has been included in 
parallel with C3 to ensure that this capacitor dis- 


Nowadays, there are quite a number of amplifier 
modules on the market, which usually contain 
the complete final output section and all the 
necessary protection devices. All that is normally 
required is to mount the module on a heatsink 
and connect the device up to a suitable power 
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charges very slowly. This is very important be- 
cause the signal path to the amplifier must re- 
main open when the speaker pauses for a few 
moments. As mentioned previously, the output 
of A4 can be used to control a number of devices 
via a relay etc. This should find a number of ap- 
plications especially in discos and the like. 






Hi-fi pre-amplifier 


supply. Of course, a preamplifier is needed and 
this article sets out to describe such a preampli- 
fier. 

The entire preamplifier is constructed around a 
single IC (the TDA 1054, which is designed for 
this application). The circuit diagram for the 



































| 
| 
| 
| 


81570 2 
































Parts list 


Resistors: 

Ri, Rt’, R10, R10’ = 47k 
R2, R2’ = 1800 

R3, R3’ = 8200 

R4, R4’ = 2700 

RS, RS', R8, R8’ = 150 k 
R6, R6' = 10k 

R7, R7', R13, R13’ = 15k 
R9, RQ’ = 220k 

R11, R11" 

R12, R12" 

R14, R14’ 

R15, R15" 

R16, R16" 

R17, R17’ 

R18, R18’ 





R19, R19! 
P1, P2, P3 = 220 k LOG stereo 
potentiometer 
4 = 1k LIN potentiometer 


Capacitors: 

C1, C1’, C4, C4’ = 22/10 V 
C2, C2’ = 10p /25V 

C3, C3’ = 47/10 V 


C5, C5’ = 15n 

C6, C6',= 4n7 

C7, C7', C10, C10’ = 6n8 
C8, C8’ = 68n 

C9, C9’ = 560 p 


C11, C11! = 10p 10 V 
C12, C12’, C18 = 100n 
C13, C13’ = 150 p 
C14, C14’ = 2p 2/25 V 





Semiconductors: 


B = B40C500 
1C1, 11" = TDA 1054 
\C2 = 7812 


Miscellaneous: 

Tri = 15 V/50 mA transformer 

$1 = double-pole mains switch 

$2 = three-way double-pole rotary switch 
284 


Specifications: 


input sensitivity to give 775 mV rms output 
at a frequency of 1 kHz: 


magnetic cartridge - 3mV 
tuner — 220 mV 
tape input — 220 mV 
input impedance: 50kQ 
balance control 

variation: 12 dB 


bass boost/cut: + 13 dB (100 Hz) 

treble boost/cut: + 13 dB (10 kHz) 

harmonic distortion: < 0.05% (f = 1 kHz 
at an output level of 


775 mV) 
frequency response: 20 Hz...24 KHz 
(+ 3B, tone 
controls in the 
midposition) 
signal to noise ratio 
(at 775 mv): > 65dB 


left-hand channel of the preamp is shown in fig- 
ure 1. The first section of the IC contains two 
transistors which are used to form a magnetic 
cartridge preamplifier with RIAA compen- 
sation. This is the ‘standard’ straight-through 
type and is not likely to need further expla- 
nation. It is followed by the input selection 
switch, S2, which connects either the tuner 
socket or the tape recorder socket to the second 
half of ICI in addition to the cartridge preampli- 
fier, 

The tone control section is passive so that no 
problems can arise from too much control. This 
is followed by the volume control, P3, after 
which the signal is boosted by the opamp con- 
tained in the second half of IC1. The gain of the 
opamp is determined by -the ratios of resistors 
R16/R17 as well as R18/R19 + P4. 

The required 12 V supply for the preamplifier is 
provided by an integrated voltage regulator 
(7812). The asterisks on the component overlay 
for the printed circuit board (see figure 2) refer 
to the devices required for the left-hand channel. 


SGS-Ates application note 
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Variable power ‘resistor’ 








‘A major difficulty encountered when testing 
power supplies is the availability (or non-avail- 
ability) of a suitable load. Usually, the problem 
is solved by a lash-up of resistors which, 
although not particularly elegant, will enable 
tests to be carried out. However, resistors with a 
power rating of 10 Watts and upwards can be 
rather expensive and certain values difficult to 
obtain. Furthermore, this type of load will not 
be vi le. The simple circuit described here 
can overcome these problems effectively and 
economically. 

A 2N3055 transistor with a variable gain con- 
trolled by an independant supply will form an in- 
finitely variable load ‘resistor’. This circuit will 
have a power capability of up to 50 Watts if a 
suitable heat sink is used. The ability to maintain 
a fixed load current when the power supply out- 
put voltage is varied is an added advantage. 

The maximum dissipation of the transistor 
should be borne in mind. As figure 2 shows, a 
current of 2.5 A at 20 V is only 50 W but 2.5 A at 
50 V is 125 W which may prove to be alittle high 
for the 2N3055. 

The base voltage for the transistor can be ob- 
tained via a voltage divider across an external 
power source. If this is not available the circuit 


shown in figure 3 can be used. In this case, the 
BD 139 is used as a driver transistor in order to 
keep the battery supply current drain as low as 
possible. 

The power level can rise fairly steeply with a 
rising voltage and for this reason some indi- 
cation of current and voltage levels in the circuit 
are essential. By using the graph shown in fig- 
ure 2 it can be easily determined whether the 
maximum allowable power is being exceeded. 
The circuit can also function as a current limiter. 
This facility will be useful when charging batter- 
ies with a constant current. The battery should 
be placed in the circuit between the ammeter and 
the collector of the 2N3055. It should be remem- 
bered to ensure that the voltage does not rise to a 
level high enough to cause damage to the plates 
of the battery. 
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Auto reminder 





The headlights in the majority of motor vehicles 
are unaffected by the ignition switch. This 
means that it is possible to leave the headlights 
turned on after leaving the car. In many in- 
stances, this is also true of auxiliary equipment, 
such as car radios etc., which have been wired 
directly to the car battery. For the forgetful 





driver, this can be something of a nuisance when 
trying to start the car the following morning. 
This circuit is intended’as a warning to the driver 
that there is still something switched on which is 
consuming an unacceptable amount of power. 
The problem can be solved with a bit of logical 
thinking. After all, what is more obvious than to 
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apply a little digital technology? 

At first glance, the circuit looks a lot more com- 
plicated than it actually is. It only requires three 
ICs. The switched supply rails of the equipment 
to be monitored are connected to diodes D1...D4 
(or more if desired), the coil side of the ignition 
switch is connected to D7 and the battery leads 
are connected to ‘+12 V’ and ‘0’. 

Let us first see what happens when the ignition 
switch is turned on and off, but there are no 
power consuming devices switched on. Effec- 
tively, nothing seems to happen! When the ig- 
nition switch is turned on, FFI is reset via ca- 
pacitor C2, the output of N1 goes low taking the 
clock input of FF1 low. As this flipflop only re- 
acts to positive-going pulses, the Q output re- 
mains low and, via N5, N6 and N3, the output of 
N4 remains low, This means that transistor T1 is 
turned off and no sound is emitted via the 
buzzer. 

When the ignition switch is turned off, the out- 
put of NI goes high and FF2 will be set via ca- 
pacitor C3. The Q output of this flipflop will 
therefore go high to enable N3. However, 
although FF1 receives a clock pulse via R3, the 
information at the data (D) input is low as there 
are no items of equipment on and so the outputs 
of FFI remain as they were. The end result is 
that the output of N4 remains low and T1 stays 
off. 

Now let us take the case when one or more 
auxiliary circuits are turned on. When the ig- 
nition switch is turned on the end result is the 
same as that previously described. When the ig- 
nition switch is turned off, however, things start 
to happen! Flipflop FFI receives a clock pulse 
via R3 as before. This time, as the data input is 
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high, the Q output will also go high. Capacitor 
CS is charged up via resistor R7 and, when suf- 
ficiently charged (charge time = R7 x C5), the 
output of NS will go low. This signal is differ- 
entiated by C4/R3 to provide a further clock 
pulse for FF1. 

During the period that CS is charging, the driver 
still has the opportunity to turn off the relative 
equipment, thus preventing the warning signal 
from being sounded. If this is the case, the Q 
output of FF1 will again go low at the second 
clock pulse and CS will discharge via R8 and D9. 
The output of NS goes low thereby resuming the 
original condition. If, on the other hand, the 
driver neglects to switch off certain items, the 
output of N6 will go high when CS is charged. 
This, in turn, takes the other input of N3 high 
(N3 was enabled when the ignition was turned 
off as described previously) so that the output of 
N3 goes low, the output of N4 goes high and 
transistor T1 turns on to sound the buzzer. At 
the same time, capacitor C7 charges up via re- 
sistor R10 over a period of about ten seconds. 
After this time the output of N7 goes low. This 
pulse is differentiated by C6/R11 to provide a 
reset pulse for FFI via N8 and D10. Once reset, 
the Q output of FF! goes low and the warning is 
cancelled. 

It is possible, of course, to interrupt the alarm by 
switching the ignition back on. The circuit also 
allows for the possibility of deliberately leaving a 
particular item (such as sidelights) on without 
the alarm sounding. This is accomplished by 
first turning off the ignition with the desired 
piece of equipment switched on. This equipment 
is then switched off and back on again before the 
alarm sounds. This means that the output of N2 
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will go high when the item is switched off, pro- 
viding a clock pulse for FF2. As the Q output of 
FF1 is low at this time, the D input of FF2is also 
low therefore the Q output of FF2 will go low, so 
that N3 is disabled and transistor T1 is turned 
off. When the desired item is turned back on, the 
clock input of FF2 goes low, but the outputs re- 
main the same. Although FF1 and gates NS...N8 
go through their cycle, the alarm will not be op- 
erated. 

It must be admitted that simpler alarm systems 
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The ability to delay the leading and trailing edges 
of a square waveform will find many appli- 
cations in digital circuits. The diagram in figure 
1a shows that only a very few components are re- 
quired to do this. The circuit makes use of the 
fact that the output of a Schmitt trigger gate will 
not change state until the voltage level on the 
input reaches a certain critical point known as 
the trigger threshold. 

During a rising edge at the input, capacitor C1 is 
charged via D1 and R1. This increases the time it 
takes for the voltage level at the input of the gate 
to reach the trigger threshold point. With a logic 
1 at the input to the circuit, the potential across 
C1 will continue to rise until, for all practical 
purposes, it reaches the supply voltage level. 
When the input returns to zero C1 will discharge 
via D2 and R2, again delaying the time at which 
the trigger threshold is reached. A clear under- 
standing can be gained from figure 1b which 
shows the waveforms at various points in the cir- 
cuit. 

‘It must be remembered that the trigger threshold 
point of a Schmitt gate is highly dependant on 
the supply voltage. The following figures are 
quoted for the RCA 4093: 









do exist. However, this circuit incorporates some 
interesting ideas and is simple to use. Neverthe- 
less, the device does have one drawback. If, for 
instance, two items of equipment are left on in- 
advertantly and only one is switched off when 
the alarm sounds, the unit will not indicate this 
fact. Care must be taken, therefore, to have a 
good look round the dashboard when the alarm 
sounds! 
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Adjustable square-wave 
edges 
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Upp Ur Ur 
5 3.3 2.3 
10 7 5.1 
15 9.4 13 


The leading edge delay can now be calculated 
with the equation: 


Ur" } 
IDD — 0.7 


At® = -R1xCIxnat.log. (1 - = 





21528-18 





287 








The delay in the trailing edge amounts to: 


Site Ur 
Dp — 0. 
Therefore, the choice of values for Rl, R2 and 


C1 will give any required delay to the leading 
and trailing edges of the square-wave. However, 


a= a6 


The most notorious effects of regenerative TRF 
receivers are radiation and unwanted coupling 
between the antenna and the LC circuit that is 
acted upon by the regeneration. Apart trom the 
extra complexity, tuning of the (antenna) input 
adds quite a bit to the effect of unwanted coup- 
ling, due to the Miller-effect of the RF stage. 
Invariably, this means that TRF regenerative de- 
sign, especially on shortwave, is only fit for 
those with a degree in gymnastics. If the effect of 
detuning caused by the unwanted coupling could 
be reduced to, say, a hundred Hertz, the receiver 
could also be used in the oscillating mode, 
thereby providing the owner with the possibility 
of product-detector reception modes, such as 
CW, RTTY and SSB. It should be stated at this 
point that this feature is positively enhanced 
when a frequency counter is added. 

In order to achieve a minimum of pulling, the 
RF stage of the circuit shown consists of a bi- 
polar transistor and an FET in cascode. As can 
be seen, the input is aperiodic. The disadvantage 
of input overload is more than compensated for 


—R2x CI x aat.log. ( 
U; 









the maximum delay for either edge should not be 
more than 80% of the pulse duration. 

Nothing in this world is perfect and different 
manufacturers of ICI quote rather large trigger 
threshold tolerances. This means that the actual 
delay times can be quite different from those cal- 
culated. 


Simple short-wave 
receiver 


by the high sensitivity (even a tiny whip antenna 
can be used). A smooth control of regeneration 
is obtained by D1, which starts supplying a nega- 
tive bias for T3 on reaching the threshold volt- 
age, lowering its transconductance, thus ‘coun- 
ter-acting’ regeneration. The detector is able to 
cope with relatively strong input signals, as it is 
an infinite impedance detector. This also means 
that distortion is low, even with a heavily modu- 
lated (AM) carrier. The following specifications 
were obtained for the prototype: 
single sensitivity 

(AM mod. 30%, S/N = 10dB): 1p V 
single signal sensitivity 

(SSB, S/N = 10dB): 0.3 pV 
frequency range with a $00p 

tuning capacitor: 4.4...17 MHz. 
The term single signal sensitivity may need some 
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explanation. It is the figure obtained by measur- 
ing the sensitivity with the aid of a signal gener- 
ator in the absence of all other signals. Due to 
input overloading (of the wideband RF stage) 
and envelope detection taking place on strong 
adjacent channel signals, the full benefit of this 
sensitivity will never be obtained, except perhaps 
in countries like Australia, where the spectrum is 
not yet polluted by OTHR’s and BC jammers. 

In the product detector mode, the suppression of 
AM will be in the order of between 40 and 60.dB, 
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‘An analogue multimeter is, by now, one of the 
more ‘standard’ items of equipment owned by 
electronics enthusiasts. Even digital multimeters 
are now becoming quite common. However, it is 
not uncommon to find that the capabilities of 
the measuring instruments available are nowhere 
near as extensive as one would wish. Either the 
input’ sensitivity is not high enough (in other 
words, it can not measure low voltages) or else 
the input impedance of the instrument is too 
low. The second disadvantage is the worst, in 
fact it is often the reason why measurements 
taken are totally inaccurate. In general, in- 
terpretation of incorrect results will lead to in- 
correct conclusions! 

The simple circuit described here, which uses 
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depending on tuning. The lower figure refers to 
the highest tuning frequency. Improvement can 
be made by reducing the L/C ratio. 

The primary winding of L1 consists of 6 turns of 
0.25 mm enamelled copper wire on an Amidon 
ring core type T94-6, The secondary winding 
consists of 25 turns of 0.68...0.8 mm enamelled 
copper wire over the complete length of the core. 
The primary winding should be situated at the 
‘cold’ end and layed between the turns of the 
secondary. 


Universal measuring 
amplifier 


only a few components suffers from none of 
these disadvantages. The circuit consists of a dis- 
crete differential amplifier constructed around 
transistors T1 and T2. A separate constant cur- 
rent source is connected in series with both emit- 
ter leads, The current source for transistor T1 
consists of D1, D2, T3 and R6 and that for tran- 
sistor T2 consists of D1, D2, T4 and R7. The 
constant emitter currents make the measuring 
amplifier independant of supply voltage vari- 
ations. 

The differential amplifier (T1 and T2) is fol- 
lowed by an integrated differential amplifier (the 
LM 301 from National Semiconductor), This 
opamp is connected to give unity gain. Its output 
is therefore an analogue measurement signal and 
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can be used directly as such. Two further com- 
ponents, R10 and D3, convert the analogue out- 
put toa TTL-compatible signal. 

Now that we have described the basic circuit, 
what can it be used for? Two possibilities have 
already been mentioned: It can be used as a pre- 
amplifier for a normal (analogue) multimeter 
and it can also be used as a preamplifier for a 
digital multimeter. Furthermore, the circuit can 
be used as an AF preamplifier for frequency 
counters or similar devices. In this case, poten- 
tiometer P2 can be used to set the trigger level. 
Finally, it is also possible to use the circuit as a 
preamplifier for an inexpensive oscilloscope. 


Regardless of the actual application for the cir- 
cuit, the only main calibration is the same in all 
cases. This is the ‘zero offset’ and is adjusted by 
means of preset potentiometer P1. This poten- 
tiometer must be set so that when the inputs are 
shorted (in other words, when the left-hand sides 
of RI and R2 are connected together) the output 
from the opamp is exactly zero volts. In normal 
applications, potentiometer P2 adjusts the input 
sensitivity. With the aid of this potentiometer, it 
is possible to adjust the gain of the circuit over a 
wide range; from a gain of 2 to a gain of 130. It 
may therefore be useful to provide this potentio- 
meter with a calibrated scale. 


Digital sinewave 


oscillator 





The circuit consists of two sections, each of 
which could have many useful applications on its 
own: an oscillator constructed around a pair of 
EX(clusive) OR gates and a divide-by-three cir- 
cuit constructed around two ordinary flipflops. 
‘The oscillator is made up from both a non- 
inverting gate (N1) and an inverting gate (N2). If 
only inverting gates had been used, at least three 
would have been required — as a non-inverting 
gate can be made up from two inverting gates 
connected in series, 

‘The circuit works as follows. Let us assume that, 
initially, the input of N1 (pin 2) is low. This 
means that the output of N1 will also be low and 
the output of N2 will be high. Capacitor C1 will 


then be charged via resistor R2. After a short 
while, the input of N1 will go high via R1 and the 
whole procedure will be reversed. Readers 
interested in this type of oscillator are referred to 
the National Semiconductor Application Note 
No. AN-118, which is included in their current 
CMOS data book. 

‘The divide-by-three section consists of two flip- 
flops which both divide by two, in other words, 
it would be expected that together they would 
divide by four. However, another EXOR gate 
(N3) has been included between the output of 
FF2 and the input of FF1. This effectively in- 
verts the clock input signal each time the output 
of FF2 changes polarity. If N3 was not present, 


= Nint=%4070 498 ar=n) 
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FFI2= 4013, 
N3.N4=% 4070 





net 


the output state of the flipflop would not change 
until the end of the current clock period. With 
the addition of N3, the clock signal is inverted 
and the positive-going edge triggers the flipflop 
after every half period. Therefore, the dividing 
factor here is three, not four. 

The sinewave signal is generated via a pair of re- 
sistors (R3 and R4). When the input to both re- 
sistors is low (logic zero) there will be no output 
voltage. When the input to both resistors is high 
(logic one) the output voltage will be high. When 
‘one input to the resistors is low and the other 
high the output voltage will be either 4 or %/ of 
the supply (high) level. 

Obviously, this can be proven mathematically, 
but a simpler method to justify it is to examine a 
single sinewave period diagrammatically. A 
small rectangle may be drawn in the centre of the 
sinewave to represent a logic one level. Two 
further rectangles of the same size can then be 
drawn to each side of the first. The area inside 
the sinewave of the last two rectangles will be 
half that of the first. The digital simulation tech- 
nique generates a signal with the same areas as 
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A need often arises for battery powered equip- 
ment to be switched off after a certain period of 
time. Although timing circuits are legion, it is 
not such a simple matter to switch a power 
supply off after some hours of use. The circuit 
featured here will do this at the expense of a cur- 
rent drain of only a few nano amps. 

A look at the circuit diagram will show that not 
many components are involved. Switch S1 is the 
‘on’ button and, when pressed, supplies a base 
drive current to the darlington transistor T1 
which will then conduct to supply power to the 
equipment in use. Transistor T2 will now also 
switch on to act as a latch across S1 maintaining 
the base current to Tl. 

Capacitor C1 will now start to charge via R4. 
When the voltage across R4 drops to about 
1.2 V, T2 will switch off. This in turn will switch 
off T1 and therefore the supply. The only cur- 
rent now flowing will be the leakage current 
through both transistors but this will only 
amount to a few nano amps at most. To all in- 
tents and purposes, the battery supply will be 
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When constructing the circuit it should be noted 
that CMOS inputs should never be left ‘float- 
ing’. In other words, pins 12 and 13 of the 
EXOR chip (N4) should be connected to ground 
(Vv). 


Battery supply timer 


Up max = 20V 


Up C516 Imax 300 mA 





switched off. 

‘The time period for which the supply will be 
switched on can be calculated from the rather 
horendous formula: 


t= ~22+10"+Cl-nat.log. £5 (Clin Farad), 
B 


For those in doubt the ‘try it and see’ method 
may take longer but will work just as well. If re- 
quired, the two darlingtons can be substituted by 
discrete transistors. 
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‘This power supply circuit consists of a three-pin 
voltage regulator IC in conjunction with a buffer 
transistor. This combination is a result of the 
fact that the 78x series of voltage regulators are 
only capable of delivering a current of 1 A. In 
this design, when the output current exceeds 
about 200 mA, the buffer transistor takes over 
the task from the voltage regulator IC thereby 
allowing currents up to 5 A to be drawn. 

The 78xx IC is available for a range of different 
voltages. By selecting the required regulator in 
the series, the circuit can be adapted for any 
voltage, provided of course the transformer out- 
put voltage is at least 4 V greater than the re- 
quired stabilised output voltage. 

Where a current of only 1 A (or less) is required, 
the transistor T1 and resistor R1 can be omitted. 
If desired, R1 can be retained in the circuit to 
safeguard the regulator IC. It will then function 
as a so-called ‘bleed’ resistor. However, in this 
instance the rating of the resistor should be in- 
creased from 0.5 W to 5 W. 

The 78xx regulator is protected internally against 


It is normal nowadays to use a LED as a panel 
indicator whenever possible. However, in keep- 
ing with all electronic devices, they do have limi- 
tations and their operating parameters can make 
life difficult at times. For instance, if the supply 


voltage varies by any great degree the brightness 
of the LED will follow suit. Should the voltage 
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overheating, but in practice the demand on this 
protection circuitry is not altogether satisfac- 
tory. To obtain a stable design, two measures 
have been taken in the circuit shown here: The 
current through the regulator IC can never ex- 
ceed 300 mA except when there is a short-circuit 
on the output. The buffer transistor has a more 
than adequate current rating. 

Provided the heatsink used is sufficiently large, 
both the voltage regulator and the buffer transis- 
tor should be able to survive momentary short- 
circuits, when the peak current may well exceed 
the maximum output current of 5 A. However, 
the actual amount of short-circuit current will be 
limited as the voltage regulator limits the 
amount of base drive current to transistor T1. 
Capacitor C1 will smooth out any AC ripple, but 
its value should be modified to cope with the 
maximum flow of current. For a current flow of 
up to 1 A, a value of 1000 » F should be suf- 
ficient, but for a current of 5 A the value should 
be increased to 4700 F. 





Constant current LED 


level become too high it will result in the LED 
giving a permanently off indication! The ingeni- 
ous circuit here can get around these problems 
quite effectively. 

The maximum current capability of a LED is 
normally about 50 mA but brightness will not 
significantly increase above 20 mA. This figure 














is about the optimum economic current level and 
the purpose of this circuit is to maintain this 
value irrespective of fluctuations in supply volt- 
agelevels. 





sete 


The most popular form of FSK (frequency-shift 
keying) modulator used by computers nowadays 
is the ‘Kansas City Standard’ where digital infor- 
mation is transmitted sequentially by means of 
carrier pulses of constant amplitude and two dif- 
ferent frequencies (1200 Hz and 2400 Hz). A 
logic low level generates a frequency of 1200 Hz 
whilst 2400 Hz is generated by a logic high level. 
Obviously, for every modulator there has to be a 
demodulator. 

‘As can be seen from the circuit diagram, the 
Kansas City demodulator described here is quite 
straightforward. Opamp Al acts as a Schmitt 
trigger and simply converts the output of the 
tape recorder into a perfectly symmetrical 
squarewave signal. Opamp A2 is configured as a 
‘charge pump’ and converts the incoming fre- 


The two transistors, Tl and T2, form a constant 
current source and will maintain the current level 
to within the acceptable limits of 15 and 27 mA 
with variations in voltage level between 5 and 
av. 

Operation is relatively straightforward. A rising 
supply voltage will cause the collector voltage of 
TI to rise. This in turn will increase the base 
drive current to T2. The subsequent drop in po- 
tential at the collector of T2 will reduce the base 
current to T1 and therefore counteract the rise in 
current to the LED. The circuit will now be 
stabilized. 

The table below gives an indication of the LED 
current at various supply voltages. 


5V-15mA 15 V — 22mA 
9V — 18mA 18 V — 24mA 
12 V — 20mA 24V — 27mA 





Kansas City demodulator 


quency into a low or high logic level. The output 
of A2 is fed to a low pass filter constructed 
around opamp A3 and the decoded, filtered sig- 
nal is then fed to a second Schmitt trigger (A4) to 
‘clean up’ the final digital output. 

Transistor T1 and LED D2 are included to indi- 
cate whether or not the input (FSK) signal is of 
sufficient amplitude to drive the system. 

The LM 3900 contains four opamps which are 
slightly unusual in that they react to differences 
in input currents rather than voltages (this type 
of device is commonly called a ‘Norton ampli- 
fier’). This means that the output of the first 
Schmitt trigger (A1) is zero under no-signal con- 
ditions, because the current flowing through the 
inverting input (via R2) will be greater than that 
flowing through the non-inverting input (via 
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R3). 

The charge pump works as follows: When there 
is no input signal, capacitor C4 is discharged via 
R8&, so that the output of A2 is virtually zero. If 
at this point a positive-going pulse is received 
from A1, a brief current pulse will flow into the 
non-inverting input of A2 via capacitor C3. This 
means that an identical current must pass 
through the inverting input for the circuit to re- 
main in equilibrium. This can only be achieved 
via C4 which is therefore charged a small 
amount. As a result, the output voltage of A2 
will rise whenever a positive-going signal edge is 
present at the input. Afterwards, capacitor C4 
will be discharged via resistor R8 and the output 
voltage will drop once more. The more pulses at 
the input, the higher the output voltage. 

The circuit around opamp A3 is a conventional 
low pass filter. The turn-over frequency of the 
filter depends on the baud rate of the incoming 
signal. At 300 baud the maximum frequency at 





A signal injector must certainly be one of the 
cheapest and most useful pieces of test equip- 
ment in the hobby workshop. The design de- 
scribed here doubles as a signal tracer and fea- 








this point will be 150 Hz therefore the turn-over 
frequency must be slightly higher. 

The output of the low pass filter has rather poor 
edges and is too low in amplitude to be processed 
by logic circuitry. For this reason the signal is 
passed through a second Schmitt trigger con- 
structed around A4. This ensures that the final 
output pulses are sufficiently fast to drive 
CMOS ICs. If the phase of the output signal is 
not correct, the connections to R14 and R15 may 
bereversed. 

Current consumption of the circuit is only a few 
milliamps and partly depends on the actual 
supply voltage. Ideally, this should be the same 
as that of the following logic circuitry. 

The only adjustment for the demodulator is pre- 
set potentiometer P1 which is set so that the dur- 
ation of logic zero and logic one pulses are the 
same when the input signal consists of eight 
cycles of 2400 Hz and four cycles of 1200 Hz. 


Signal injector - tracer 


tures an audio output enabling both eyes to be 
kept on the work in hand. 

The circuit is very simple and consists of three 
main parts; a signal generator (IC3); a pre-amp 
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(IC2); and a main amplifier. The signal gener- 
ator, IC3, is a 555 connected as a 1 KHz oscil- 
lator. With $2 in position b, this acts as a simple 
continuity tester. Since the test points DP are in 
series with the oscillator’s RC network, the cir- 
cuit will only oscillate when there is continuity 
between these points. Two test probes connected 
to the DP points can therefore be used to estab- 
lish continuity between two points in the circuit 
under test. The output of the oscillator is fed via 
P2to the main amplifier and a tone will be heard 
from the loudspeaker when there is a short cir- 
cuit between the probes. Nothing will be heard if 
the probes are open circuit of course. 

With switch S2 in position a, IC3 will oscillate 
continuously. Its output level is then controlled 
by P3 and fed directly to probe (®) to be injected 
into the circuit under test. Capacitor C10 and re- 
sistor R13 are included to prevent the oscillator 
from being loaded by the test circuit. Probe @ 
is then used to trace the signal through the stages. 
of the test circuit. A resistance or potentiometer 





will attenuate the signal and a transistor will 
usually amplify it. 

In order to detect changes in amplitude, it is im- 
portant not to overload the loudspeaker. A 
simple switched attenuator is therefore included 
at the input to the pre-amp to provide three dif- 
ferent input levels. To avoid loading the circuit 
under test a high impedance input is ensured by 
CS and R3. The probe signal is amplified by IC2 
and fed, via C8 and S2a, to P1 which is used to 
adjust the input level to the pre-amp, IC]. 

Some readers may prefer a visual output indi- 
cation and for this purpose a moving coil meter 
can be used as shown in figure 2. 

Because of the high input impedance of the pre- 
amp it is necessary to use a screened lead and 
probe for this input. Failure to do this will result 
in plenty of noise at the output. 

A design for an easily constructed probe is 
shown in figure 3, Normal test leads can be used 
for the signal output. 


American billiards 





‘The popularity of American Pool continues to 
increase and this electronic game is played in a 
similar manner to the original table billiards. 
However, the billiard balls are symbolically re- 
presented here by six LEDs. 

The circuit is based on a random generator. 
When the reset switch is depressed, all the LED’s 
light up, and when the ‘hit’ button is pushed a 
number of random occurrences take place so 
that either one of the LED's goes out or every- 
thing stays as it was. One of the LED's going 
out, means that one of the balls has been 
pocketed. 


‘The game can be played in two ways. In the first 
game, each player must pocket all the balls 
whereby all the LEDs are extinguished, and the 
person who can do that with the least number of 
‘hits’ is the winner. In the second variation of 
the game, the number of players is restricted to 
only two. One player starts: if the first ball he 
hits is a red one, then he is obliged to pocket also 
all the other red ones. The second player then 
does the same with the green balls. As long as the 
first player continues to hit his own colour, it re- 
mains his turn. Only when he fails to hit a ball or 
hits one of his opponent’s colour, is it the turn of, 
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the other player. As soon as three balls of one 
colour have been pocketed, the player of that 
colour has won the game. This makes it imposs- 
ible for the game to end in a draw, and is a good 
way of deciding the winner of the first type of 
game that was drawn. 

Let us now have a look at the circuit. To start, 
all six flipflops, FF1,..FF6, are set to zero with 
pushbutton S2 so that all LEDs light up. The 
multivibrator, constructed with N1 and N2, de- 
livers a clock frequency of about 800 Hz to the 
Johnson-counter, IC2, of which the outputs de- 
liver ‘1’ in sequence. The gates NS to N10 are 
wired as latches and connect the counter outputs 
to the D-inputs of the flipflops. 

Operating the ‘hit’ button S! will supply a pulse 
to all the flipflops. The counter outputs which 
are high will then, via the latches, set the flip- 
flops that were not already set, and the relevant 
LED goes out, The feedback from the Q-output 
of the flipflop to the gate at the D-input forms 
the latch and sees to it that a ‘set’ flipflop re- 
mains in that position even when further clock 
pulses arrive. As Q6 of the counter leads no- 
where, it is possible for even the first shot to bea 
‘miss’. If so desired, this can be avoided by con- 
necting the reset input of the counter to Q6 in- 
stead of Q7. 

The best way of arranging the LEDs is in the 


fed 


Switching oscillators on and off can sometimes 
give rise to problems due to the fact that the first 
or last (or both) pulses can vary in width from 
maximum down to almost non-existent. In most 
cases, it is probably true to say that the very nar- 
row pulse or ‘spike’ will be the one to cause the 
problems. It all stems from the fact that the 2s- 
cillator switch off time is invariably not 
synchronised with oscillator output. 

Figure 1B shows the usual simple gate oscillator 
that is often found in digital circuits, probably 
chosen for its simplicity and economy as much 
as anything. However, it does suffer from the 
problems mentioned above as can be seen from 
the waveform illustration in figure 2 @). The 
variation in pulse width is readily apparent. The 
last pulse in the second set may prove to be too 
small for some gates to ‘see’ while others in the 
system can. The result could be an extensive ‘red 
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form of an isosceles triangle, represented in the 
circuit diagram by the open diode symbols. The 
red LEDs are actually placed at the corners of 
the triangle. The green LEDs (the black ones in 
the diagram) can then be mounted half-way 
along the sides of the triangle in between two red 
ones. 

The CMOS 4050 can be replaced by the 4049 
which has the same pin arrangement and which 
contains six inverting drivers. This causes the 
state of the diodes to change so that after reset 
all LEDs are dark, but ‘when a ball is pocketed’ 
the relevant LED lights up. 

The two sets of rules for the games described 
earlier are not the end. There are other possi- 
bilities. One ball can be designated as the ‘black’ 
in snooker which means that it is the last one to 
be pocketed. Another variation consists of, prior 
to ‘hitting a ball’, deciding which colour it is 
going to be. No doubt it will be possible to think 
up further variations, once the circuit and its 
possibilities have become familiar. When the 
game is played a lot, it is best to supply the 
power via a small mains supply or a nicad. The 
power consumption is 90 mA when all the LEDs 
are on. When the game is played less frequently 
it will be sufficient to use two 4,5 V dry cells. 





H.J. Walter 


Constant pulse width 
oscillator 
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herring’ chase. 
‘An effective solution to the problem is shown in 
the circuit in figure 1A where the simple gate os- 
cillator is coupled to an RS flipflop. Diode D1 
prevents capacitor Cl from charging during the 
time that the oscillator is switched off. This 
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ensures that the first pulse at the output has the 
same width as those following. This is illustrated 
in figure 2 @). The sacrifice of two extra gates 


may well be worth the benifits that this constant 
pulse width oscillator can provide. 





Single 1C siren 








Circuits that produce some sort of noise appear 
to be highly popular with many readers. A poss- 
ible reason for tl is that correct circuit oper~ 
ation is verified audibly and without the need for 
test equipment, in other words, the circuit does 
something in a physical sense. 

This particular siren is very simple and easy to 
construct sirice it is built around a single IC, the 
LM 389 from National Semiconductors. This IC 
“contains an audio power amplifier, similar to the 
LM 386, together with three uncommitted NPN 





‘The two transistors T1 and T2 form the basis of 
an astable multivibrator with a frequency vari- 
able between 1 and 7 Hz. The preset P1 is used to 
adjust this. The amplifier is also configured as a 
squarewave oscillator and its output drives the 
loudspeaker at frequencies variable between 
250 Hz and 1500 Hz. The amplifier, however, is 
switched on and off by the multivibrator via 
transistor T3. The result is a pulsed siren like 
sound. The frequency of the audible tone is ad- 
justed by the preset P2. 
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Pulse generator with 
variable duty-cycle 





A single 4093 CMOS IC is eminently suitable for 
constructing a simple pulse generator. The IC 


contains four Schmitt-triggers. By adding a re- 
sistor, two diodes, a capacitor and a potentio- 
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meter, one of the four gates can be used to prod- 
uce an oscillator with a set frequency and a vari- 
able duty-cycle. The pulse duration is deter- 
mined by the RC time-constant of the network 
consisting of capacitor C1 and resistors R1 + P1. 
When the wiper of the potentiometer is in the 
mid position a perfectly symmetrical squarewave 
signal is obtained at the output. If, however, the 
setting of P1 is altered, the capacitor (Cl) will 
take a different time to charge than to discharge. 
As a result, gate.N1 will be triggered either 
sooner or later on either the Positive-going or 
negative-going edge of the signal depending on 
the direction in which P1 was rotated, This ef- 
fectively means that the pulse width varies, 

As far as R1 is concerned, this acts as a Protec- 
tive measure in case P1 is turned fully clockwise 
(minimum resistance). This means that the duty- 
cycle is not 100% variable, but, after all, a 2... 
98% range should be perfectly acceptable! 

The frequency of the oscillator is dependent on 
the value of capacitor Cl, since the sum of the 


(avs 


RC time-constants is the same for both half- 
Periods. If several different frequencies are re- 
quired, a multiway switch with a corresponding 
number of capacitors may be included to replace 
Cl (see figure 2). This enables the pulse duration 
to be varied in stages. 

Using the control input (A) the entire unit can be 
incorporated in a logic circuit. If the input volt- 
age is logic zero, the output will be logic one; if, 
however, the input level is logic one, the oscil- 
lator will start to operate. If the control input is 
not required, this may be omitted by either link- 
ing the input to the junction of R1/C1 or to the 
Positive rail of the power supply (logic one). 
Although the edge of the output Pulse is fairly 
steep already, it can be further improved by con- 
necting one of the other gates in the same ICto 
the output. The second gate will then act as an 
inverter. 





Differential switch 





There is virtually no doubt that interest in this 
particular circuit will increase as the price of 
electricity — and of energy in general — con- 
tinues to rise. The differential switch is able to 
measure the difference in temperature between 
two points and, depending on the temperature 
difference, it will switch a relay on or off. The 
relay can then be used, for example, to activate a 
circulation pump. There are numerous appli- 
cations for the circuit. It can be used in combi- 
nation with solar heating panels or solar collec- 
tors and it can also be used to control the pump 
in central heating systems. In the latter case, one 
sensor is placed in the return pipe while the other 
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is situated in the hot water outlet pipe close to 
the boiler. As soon as the boiler switches on, a 
temperature difference is created and the pump 
also switches on. 

The attractive feature of this design is the fact 
that both the temperature difference and the 
hysteresis of the unit can both be set indepen- 
dently, so that they do not affect each other. 
Moreover, the adjustments are virtually linear, 
therefore the potentiometer settings can be relied 
on to give consistent results. A LED has been in- 
cluded in the circuit to give an indication of 
when the relay is actually on. 

The temperature sensors are two LM 335s 














(National Semiconductor), This IC can be 
looked upon as being a zener diode whose volt- 
‘age increases by 10 mV per °C, Therefore, at 
room temperature the zener voltage is equal to: 
(273 + 20)x 10mV = 2.93 V. 

The temperature transducers incorporate cali- 
bration connections, which make it possible to 
set the output voltage (at 20 °C) to the value 
mentioned above. In the same way, undesirable 
differences between the sensors can be corrected. 
It is also possible to disregard the adjustment 
input of one of the sensors (by not connecting it) 
and to adjust the other sensor to give the same 
characteristics as the first. This can make con- 
struction and setting up considerably simpler. 
The principle of operation is as follows: The 
voltages from the two sensors are directly com- 
pared by IC2. When the temperature — and thus 
the voltage — of Z1 becomes greater than that of 
Z2, the output of IC2 goes high lighting LED D2 
and activating the relay via transistor T2. If po- 
tentiometer P1 has not been turned fully up, a 
higher input voltage is required to operate the 
comparator and the relay will therefore be acti- 
vated at a higher temperature difference. There 
is a potential drop of about 0.6 V across diode 
D1. Approximately 100 mV of this remains 
across P1 (the actual voltage drop across P1 can 
be adjusted by means of P3). The 100 mV corre- 
sponds to about 10°C, so in effect Pl can be ad- 
justed over-a range of 10°C. Sensor ZI must 
therefore be 10°C warmer than Z2 with P1 at the 
lowest setting in order to activate the relay. 

Once the pump has been switched on by the re- 
lay, the temperature of the sensor close to the 
boiler will drop due to the circulation of the 
water. This could result in the circuit switching 
itself off almost immediately. Obviously, this 
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situation is undesirable and for this reason po- 
tentiometer P2 has been included to adjust the 
amount of hysteresis by a maximum factor of 
5°C. With P2 set in the centre position the cir- 
cuit has a hysteresis of 2.5°C. This means that if 
P1 has been set to, say, 5°C, the relay will be ac- 
tivated when the temperature difference reaches 
5°C, but will not turn off until the difference in 
temperature is 5°C — 2.5°C = 2.5°C. 

LED D2 should be a red one with an operating 
voltage of about 1.3 V. The supply voltage for 
the circuit is not critical and can deviate by a few 
volts. The circuit diagram shows a supply volt- 
age of 12 V because relays operating at this volt- 
age are readily available. Transistor T2 is only 
allowed to dissipate a maximum of 100 mA and 
for this reason the current rating of the relay 
should not exceed this value. 

‘The actual temperature at which the circuit oper- 
ates can be calculated from the voltage across Z1 
and Z2, if a thermometer is not available. 
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Remote control 


potentiometer 





This type of control makes it possible to regu- 
late, for instance, the intensity of a light source 
or the volume of an amplifier etc. from a num- 
ber of locations. This function is fulfilled by the 
circuit described here via two potentiometers 
which act both as switch and regulator for direct 
current sources. 

What can it be used for? For example, when the 
telephone rings, and one of these controls de- 
vices is situated close to the telephone, stereo 
equipment can be turned down from that lo- 
cation, provided the stereo system incorporates 
de-controlled ICs such as the TCA 730 or TCA 
740. As already mentioned, the circuit can also 
be connected, via opto-couplers, to a light 
source and therefore act as a dimmer control. 
No doubt inventive readers can think of many 
more applications for the unit. 

When the potentiometer setting is altered, an 
electronic switch will automatically close allow- 
ing the de voltage level on the wiper of the poten- 
tiometer to be passed through to the output. 
How does it work? The ‘hot end’ of the two po- 
tentiometers (P1 and P2) is kept at about 12 V by 
means of zener diode D1, As the input range of 
opamps Al and A2 is 0 V to 13.5 V, this gives 
sufficient protection against input overload. 
When the setting of one of the potentiometers is 
altered, the potential difference between the in- 
verting input and the non-inverting input of the 


corresponding opamp, caused by the integration 
networks R1/C1 or R2/C2, becomes sufficiently 
large to make the output of the opamp go high. 
These output signals serve as control voltages for 
the electronic switches ES1...ES4 (ES1 and ES2 
and resistors R3...R6 form a flipflop). One of 
the two de voltages controlled by P1 or P2is also 
passed on to the output by way of the buffer A3. 
The valugs of resistors R1 and R2 have deliber- 
ately been chosen rather high in order that, with 
the two potentiometers at their minimum set- 
ting, the output of the opamps will be low. 
Diodes D2 and D3 are included so that the flip- 
flop does not return to its original state during 
the actual transition. 

One of the not so good aspects of the circuit 
should also be mentioned at this stage. This is 
the fact that when it is necessary to set the pre- 
viously unadjusted potentiometer to a low dc 
output, it must first be quickly turned up and 
then down. This may appear slightly awkward at 
first, but it will not take long to get the hang of 
it. 

If the connecting leads to the circuit are rather 
on the long side, it will be necessary to include a 
104 /16 V capacitor between the ‘hot’ ends of 
the potentiometers and ground. 
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This monostable multivibrator can be seen as a 
long-period alternative for timer circuits which 
incorporate the well-known 555. It allows the 
user to obtain on-off periods varying from 20 
seconds to about 60 hours. 

‘The design is quite simple. It consists of a start/ 
reset part, a ‘slow’ oscillator and a series of flip- 
flops. Most of this can be found, ready for use, 
in ICI. For the internal oscillator of IC1, only a 
further two capacitors (Cl, C2), two resistors 
(R1, R2) and potentiometer Pi are needed. The 
output signals of the counter in the IC can be 
reached via the Q outputs. Rather curiously, 
QI10 is not included and a ‘Q10’ is constructed by 
the addition of T1 and FF2. The timer is set in 
motion by the leading edge (positive-going) of 
the clockpulse to pin 3 of FF1. The Q output 
(pin 2) then becomes ‘0’, and the oscillator in 
ICI starts. The Q outputs of IC1 will then be- 
come ‘high’ in turn to the timing of the oscillator 
frequency which is adjustable between 2.5 and 
25 seconds by rotating P1. Depending on which 
one of points A, B, C...K is connected to point 
X, a logic ‘1’ will be sent to the clear input 
(pin 4) of FF1 via RS after a short or very long 
period. This way, the flipflop is cleared, the Q 
output becomes ‘1’, and the oscillator stops. The 
‘timer’ will start up again only after a new start 

















FFIFF2=1C2= 4013 
Ug=5...15V 


pulse reaches pin 3 of FF1. 
Due to the very large number of possibilities, 
there is a formidable choice of periods to chose 
from. When points A and X are connected, the 
time set with P1 can be varied to range from 20 
sec. to 3.5 min., with connection B-X this range 
becomes 40 sec. to 7 min., and so on. 
The period can be calculated exactly with the 
help ofasimple formula: _ 

T =(M = 0.5)x25+10 x(R2 + Pl), 
in which T is the time and M the selected div- 
iding factor. This factor is 23 for connection A- 
X, 2 for B-X, 2° for C-X, and so on. For con- 
nection K-X, the dividing factor is 2"? and, sub- 
stituting this value in the formula, the respect- 
able period of about 60 hours is obtained. 
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In certain applications it is often necessary to 
generate a series of clock pulses by using 
switches etc. For instance, when a digital clock 
has to be adjusted. More often than not a digital 
clock has two function buttons. When one is de- 
pressed a clock frequency of several Hz is gener- 
ated enabling the clock to be set to roughly the 
correct time very quickly. When, on the other 
hand, the second button is depressed, only one 
clock pulse is generated so that the clock can be 
set accurately. Why then two buttons if they 
both appear to perform what amounts to the 
same function? 

As a matter of fact, there is no real need to have 
two buttons. The circuit described here fulfils 
the same task by only using one. Everything now 
depends on how long the button is depressed for. 
If the switch is held down for less than half a sec- 
‘ond, only one clock pulse will be generated. If, 
however, it is depressed for longer, a clock fre- 
quency of 30 Hz will appear at the output of the 
circuit. 

The circuit works as follows. When switch S1 is 
open the clock generator constructed around NI 
will oscillate at a frequency of 30 Hz. However, 
since the output of N1 is logic zero, as is also 
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true of pin 13 of N4, the output of the circuit will 
be constantly high (logic 1). If switch S1 is now 
depressed the monostable multivibrator (one- 
shot) constructed around NI and N2 will be trig- 
gered, causing the output of N2 to go low for 
half a second thereby inhibiting the oscillator 
N3. The output of N1 will now be high, so that 
the two inputs of N4 are also high. This means 
that the output of the circuit (N4) will be low 
(the first clock pulse). If SI is still depressed 
after the time delay of the monostable has 
elapsed, the output of N1 will remain high, the 
output of N2 will be high, therefore N3 will now 
oscillate and the pulse train thus produced will 
be fed to the output of the circuit. If, on the 
other hand, Si had been released before the end 
of the half second period, Pin 13 of N4 would 
have become logic zero the moment that N3 
started to oscillate again. As a result, the output 
would go high once more. 

The waveforms involved are shown in figure 2. 
The vertical lines in signal A represent the con- 
tact bounce caused by switch S1. This contact 
bounce is suppressed by the RC network R3 and 


Novel flashing light 





As you may have already guessed, this circuit 
represents no more or less than a method of il- 
luminating a series of LEDs. The diagram shows 
five LEDs, but this can be extended to a maxi- 
mum of ten by connecting the reset line (shown 
connected to output 5) to the next output, or, if 
ten LEDs are used, by omitting the reset line 
altogether. Of course, for each extra LED a cor- 
responding output stage consisting of a transis- 
tor and a resistor will also have to be added. 
What can the circuit do? 

In the simplest configuration, all the LEDs light 
up in turn. The rate at which this happens is de- 
termined by the setting of potentiometer Pl. 
Other sequences can be found by incorporating 
some clever little ‘tricks’. However, the basic 
configuration can certainly be useful, for 
example, in the case of a model of a road ob- 
struction where they use those yellow warning 
flashers which light up one after the other. The 
illustration at shows how the LEDs can be 
made to light and remain lit in sequence by 
simply including a diode between each output 
stage. The cathode of the diode is connected to 
the base of T! and the anode is connected to the 
emitter of T2. A second diode is connected be- 
tween the base of T2 and the emitter of T3 and 
so on. This simple arrangement is quite adequate 
to produce the desired effect. 

LEDs which light up in a ‘to-and-fro’ fashion 











can be obtained by connecting the bases of the 
transistors to the outputs of IC2 in the following 
manner: The cathode of the first diode is con- 
nected to the base of T! and the anode is connec- 
ted to pin 3 of the 4017.’ Two diodes are connec- 
ted to the base of T2, one goes to pin 2 and the 
other to pin 6. Similarly, T3 is connected to pins 
4 and 5, T4 is connected to pins 7 and 1, and fi- 
nally TS is connected to pin 10. 

By altering the pin numbering a totally ‘random’ 
display sequence can be obtained. Remember 
that if more outputs are to be used the reset con- 
nection must be moved to the next, unused out- 
put. 

‘The effects can also be combined: all sorts of 
‘weird and wonderful’ sequences can be ob- 
tained by placing diodes between the outputs of 
IC2 and the transistor bases and between the 
base of one and the emitter of the next. 

As it is quite likely that this circuit will be con- 
structed by model builders who may have rela- 
tively little electronic experience, a brief expla- 
nation of how the circuit works may be advan- 
tageous. 

Opamp IC1 generates squarewave pulses by con- 
tinuously charging and discharging capacitor 
Cl. If the resistance of potentiometer P1 is in- 
creased the charge and discharge time for this ca- 
pacitor increases and therefore the frequency of 
the oscillator decreases — this results in the 
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LEDs being lit for longer periods. 

The squarewave pulses are fed to a divide-by-ten 
counter, IC2. The outputs of this counter each 
go high in turn after every clock pulse. The pre- 
vious output, which was high, now goes low and 
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The title ‘siren’ above a circuit diagram usually 
implies a circuit for a two-tone or multi-tone 
‘horn’ which sounds continuously and can be 
used for an alarm of one sort or another. How- 
ever, the siren described here is not particularly 
suitable for that application, but no doubt in- 
ventive readers will find a use for it! The hi-fi 
siren simulates, as accurately as possible, a pass- 
ing police patrol car with its siren going full 
blast. 

What happens when a police car approaches? At 
first the siren is only heard very faintly. The 
noise increases gradually until at the moment it 
passes the observer the sound reaches maximum 
intensity. After this the noise decreases immedi- 
ately while at the same time the pitch gets lower 
due to the ‘Doppler effect’. 

By examining the circuit diagram, we can see 











the LED connected to it, via the resistor and 
transistor, will go out, while the next LED in the 
sequence will come on. Finally, when output five 
goes high the counter is reset causing a new se- 
quence to be started (LED D1 lights up). 


‘Hi-fi’ siren 





how this is accomplished electronically. The os- 
cillators constructed around gates N1 and N2 
constitute the actual two-tone siren. Initially, the 
base voltage of transistor T4, and thus the emit- 
ter voltage of TS, is approximately equal to the 
supply voltage. Therefore, no current passes 
through the loudspeaker. When the start button, 
S1, is depressed, the flipflop constructed around 
N3 and N4 changes state and the potential across 
capacitor C4 decreases slowly, This causes the 
emitter voltage of TS to fall also, so that the cur- 
rent through the speaker will start to build up. 
This current is in fact switched on and off by T6 
and T7 to the timing of the double oscillator 
transistors T6 and T7 in the rythm of the double 
(NI/N2), which in effect produces the required 
sound. 

The current, and therefore the noise, continues 



































to increase gradually due to the falling voltage 
across C4. At a certain moment this voltage 
reaches the negative trigger threshold of N4, so 
that the flipflop is reset and the output of N4 
goes high. At this particular moment the voltage 
on the emitter of TS is at a minimum and the 
noise level is at a maximum. As the output of N4 
has now gone low, the frequency of the oscil- 
lator constructed around N2 is lowered some- 
what, thereby simulating the Doppler effect. 
Capacitor C4 will then slowly recharge up to the 
supply voltage level, leading to a gradual lower- 
ing of the noise level. 
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The circuitry around transistors T2 and T3 en- 
sures that the noise level increases very slowly at 
first, but it will then speed up. This makes the 
sound more realistic. The resultant effect can be 
adjusted by means of potentiometer P1 and 
should be done ‘by ear’. To do this, the poten- 
tiometer is turned fully clockwise, so that the 
wiper is at full supply voltage level. The start 
button is then depressed and the noise produced 
is listened to. The potentiometer is then turned 
back a little way and the pushbutton depressed 
once more. This procedure should be repeated 
until the siren sounds as realistic as possible. 
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Parts list 


Resistors: 

R1=1M 

R2, R3, R6, R13, R16, R17 = 10k 
R4 = 4k7 

R5 = 330k 

R7, R8, R9, R11 = 56k 
R10 = 220k 

R12, R15 = 100k 

R13 = 1000 

P1 = 1M preset 
Capacitors: 

C1 = 1p N6V 

C2 = 68n MKM 


The printed circuit board for the hi-fi siren is 
given in figure 2. The current consumption of 
the circuit is virtually dependent on the value of 
resistor R14, This resistor can be reduced in 
value to a minimum of 27 if a louder siren is 
required. In that case the current consumption 
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Hi-fi enthusiasts are often faced with the prob- 
lem of not being able to get near enough to the 
object they want to record. The only solution in 
such a case lies in using a very sensitive, low- 
noise pre-amplifier combined with a good dy- 
namic microphone. The pre-amplifiers in the 
usual recording equipment are normally not sen- 
sitive enough for the purpose, and produce too 
much noise to ensure good recording quality. It 
is much better to build a separate low-noise pre- 








C3 = 220n MKM 
C4 = 100n M6 V 
C5 = 100 16V 


C6 = 100 /25V 


Semiconductors: 
D1...D4 = DUS 
Ti, T2 = TUN 
T3 = BC 557B 
14,76 = TUP 
15, T7 = BC 160 
IC1 = 4093 


Miscellaneous: 


$1 = pushbutton 
LS = loudspeaker 8Q /500 mw 


will increase considerably, of course. When R14 
has a value of 1000 , the total current con- 
sumption at maximum noise level is approxi- 
mately 60 mA (Ug = 15 V), while at rest it 
amounts to only a few mA. 


Low-noise microphone 
pre-amplifier 





amplifier, that can be inserted in between the 
microphone and the recording equipment. 

Of course, the available microphone will do 
when recording the roar of a lion. No single pre- 
amplifier can guarantee a linear amplification of 
that kind of sound and that of a nightingale at a 
distance of 100 yards, due to the limits of the 
input sensitivity. The circuit given here, how- 
ever, is intended to record the nightingale, but 
definitely not to record a pop singer who looks 
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as if he is about to swallow his microphone. 

Any transistor produces noise, but to combat 
this as effectively as possible, noise-free types 
from a good manufacturer should be selected. 
On top of that, the circuit should make optimum 
use of the transistor noise characteristic. It will 
be noticed immediately that the circuit described 
here contains $ parallel stages. The noise gener- 
ated by each stage can be added in the manner of 
a vector power, that is, as the square root of the 
sum of the squares of each component. As the 
noise of each stage is slightly out of phase, the 
resultant figure will be slightly lower than that of 
each stage. Mathematically, this reduction can 
be expressed_as+/n, so that in this case it is 
equal to 1/5, in other words, slightly less than 
2.3 times. In terms of decibels it can be said that 
the reduction in noise amounts to 7 dB when 
compared with a single stage. 

A further method of reducing noise is to limit 
the current through the transistors to a mini- 
mum. This is in fact done here, as can be seen 
from the 1.5 mA (stereo) value. This is even less 
than the 2 mA required by the voltage regulator 
ICI, which is included to reduce the supply volt- 
age for the amplifier stages to 5 V. The lower 
power consumption produces a higher signal-to- 
noise ratio at the cost of considerable harmonic 
distortion. Local (R6 to R10) and overall (R21 to 
R25) feedback ensures the removal of this distor- 
tion. The circuit gives excellent results in spite of 
the 1% distortion which is unavoidable during 
recording. 

What kind of results can therefore be expected 
from this circuit? The input sensitivity, to give 
an output of 60 mV, is about 0.13 mV, which is 
adequate for most applications. The gain of the 
circuit amounts to around 475 times. Audible 
distortion occurs with an input signal level of 
about 8 mV (or greater!) so that fairly strong 


sound levels can be processed. The frequency 
response of the preamplifier, between the 3 dB 
points, is 20 Hz to 45 kHz, the upper limit being 
determined by the value of capacitor C12, The 
effect of L1/CI1 is negligible as they are in- 
cluded only to prevent interference from local 
radio stations. Coil L1 consists of a couple of 
turns of copper wire through a ferrite bead, and 
can be omitted when there is no likelyhood of 
radio interference. 

This design gives an improvement in signal-to- 
noise ratio of about 12 dB when compared with 
conventional designs, making it possible to re- 
cord that nightingale’s song from a distance of 
100m. 

With the aid of this preamplifier, the enthusiast 
can make music recordings or outside recordings 
of really amazing quality. The microphone and 
recording equipment will naturally contribute 
greatly to the actual quality achieved. 

As the gain of the preamplifier is dependent on 
the value of resi8tor R27, the gain can be altered 
by selecting a different value for this resistor, 
However, strictly speaking, the collector voltage 
of transistor T7 needs to be kept at a level of 
7.5 V. Effectively, the value of R26 will also 
have to be altered. A smaller value for R27 
means a larger value for R26. For a gain of 200, 
R27 should have a value of 10 kM: and the 
value of R26 should be 680k . 

By incorporating a resistor in series with L1, the 
input impedance can be increased, but the same 
effect can be obtained by changing the values of, 
R1...R5. It will be obvious that all resistors 
should be low-noise metal film types after 
having gone through all this trouble to eliminate 
the noise generated by the transistors. 
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Extended range 


milli-voltmeter 





A multimeter, as the name implies, is a multi- 
purpose measuring tool, although it has its 
limits. For example, its range for measuring AC 
in the audio band is usually inadequate, and the 
sensitivity, internal resistance and frequency re- 
sponse of the cheaper moving-coil multi-purpose 
instrument normally leaves quite a lot to be de- 
sired. The widerange millivoltmeter described 


here closes that gap in a very simple and elegant 
way. The instrument can be used to measure 
alternating current of frequencies between 
100 Hz and 500 kHz. When using MOS-FET in- 
put opamps the input impedance at all measure- 
ment ranges will amount to 1OMQ . 

At the lowest measuring voltage of 15 mV the 
sensitivity is such that there is a full-scale deflec- 
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tion on the 100 A meter. 

The opamp serves both as measurement ampli- 
fier and active rectifier. The level of ampli- 
fication is determined by the.switched resistors 
R1 to R6, With the instrument set at a particular 
sensitivity range, the value of a resistor can be 
determined simply by dividing the input voltage 
for a full deflection by 100 A. When, for 
example, at the measuring range of 150 mV, a 
200 mV range is expected to be needed, resistor 
R4 should be changed to a value of 2k. 

Because the bridge rectifier diodes D1 to D4 are 
located in the feedback loop of the amplifier, 
there is compensation for the threshold voltage 
of the diodes, for which reason the mV scale re- 
sponds in a linear fashion, 

The meter is zeroed with the aid of P1 and the 
input short-circuited, while the measuring range 
is determined vy P2. The latter requires a cali- 
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This design allows a simultaneous check of a 
maximum of four temperatures. The individual 
detectors are connected to the main control unit 
by means of a pair of wires. When one of the de- 
tectors registers an abnormally high or low tem- 
perature, an alarm sounds. The positioning of 
resistor R10 determines whether the alarm is ac- 
tivated when the registered temperature rises 
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-D4= 1N914, 1N4148, 


bration voltage that can be obtained from a 
small mains transformer with a secondary yolt- 
age of slightly less than 5 V. At this level, the 


Voltage can be theasured quite accurately with 


the aid of the multimeter. The calibration yolt- 
age should then be connected to the extended- 
range milli-voltmeter set at 5 V, and the reading 
of the 100 p A instrument is then adjusted, using 
P2, to the value of the calibration voltage. The 
other measuring ranges are then set simul- 
taneously corresponding to the tolerance of the 
resistors Rl to R6. 

When the circuit is used to extend or supplement 
an existing multimeter, the moving-coil part of 
the multimeter should be used in the 100 A 
range. The best power supply to use in that case 
is about 9 V, obtained from two small 9 V dry 
cells which will last quite a long time as the 
power consumption is very low. 


Temperature alarm 





above the preset temperature setting or whether 
it sounds when it falls below the required tem- 
perature. 

When R10 is incorporated between the positive 
supply line and the output of IC3, the alarm will 
be triggered when the measured temperature ex- 
ceeds that of tHe setting of PI. In this situation 
the output of IC3 falls and the detector starts to. 














C = secondary 2 


draw a current of around 20 mA. This means 
that the voltage across R1 becomes greater than 
0.6 V causing transistor Tl to conduct and the 
alarm to sound, This occurs because as the tem- 
perature rises the resistance of the NTC resistor 
(R9) decreases taking the inverting input of IC3 
higher than the non-inverting input (voltage- 
wise). This in turn causes the output of the op- 
amp to go low. 

If resistor R10 is placed between the output of 
1C2 and ground, the reverse happens. In this in- 
stance, as the temperature drops the resistance 
of R9 increases taking the inverting input of IC3 
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more negative than the non-inverting input. 
Consequently, the output of the opamp will go 
high and a current of approximately 20 mA will 
flow through resistor R10. This again causes 
transistor T1 in the main control unit to conduct 
and start the alarm oscillator, [C2. 

The oscillator generates a tone of about 4 kHz 
which is then fed to the piezo-electric buzzer 
(Bz). This relatively high frequency was chosen 
to suit the resonant frequency of piezo elements 
and because it is optimal in relation to the aural 
sensitivity curve. 

As mentioned previously, the maximum number 


of detector circuits that can be used is four. If > © 






any more were included the quiescent current 
would exceed that of the ‘alarm current’ and the 
design would not function correctly. In retro- 
spect, the alarm current can not be increased as 
in that case the output current of the opamp 
would be exceeded — with detrimental results! 

If another form of alarm is required, 1C2 and its 
associated components can be omitted and the 
transistor can be used to control a relay or other 
similar device. The sensitivity of the circuit, in 
other words the temperature at which the device 
‘operates, can be adjusted by means of the preset 
potentiometer P1. It may well be advantageous 
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to use a multi-turn preset so that more accurate 
settings can be obtained. 

Applications for the design include a simple fire 
alarm, the temperature control of two aqua- 
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The circuit described here is an eight channel 
light sequencer. The information for each chan- 
nel (on or off) is contained in a 2708 type 
EPROM (these are coming down in price every 
day!). There are therefore 1024 steps before the 
‘program’ repeats itself. It is possible to pro- 
gram the EPROM yourself if you have access to 
an EPROM programming device. Otherwise you 
can use an EPROM which has already been pro- 
grammed for a computer. This will cause the 
eight lamps to turn on and off in the strangest of 
sequences. A test with the monitor program of 
the Junior Computer showed this to work very 
well. 

The lamps are switched on or off at the ‘zero- 
crossing’ point of the mains waveform in order 
to avoid interference to TV or radio. The power 
rating of the lamps should be 200 Watts, but this 
can be increased to a maximum of 800 Watts if 
adequate heatsinks are used for the triacs. 

As can be seen in the circuit diagram, the unit is 
controlled by the clock generator formed by N4. 
The oscillator frequency can be adjusted by 















































riums (each one requiring a maximum and a 
minimum detector) and a temperature regulator 
for central heating installations. 


EPROM light sequencer 





means of potentiometer P1. The output of the 
clock generator drives a binary counter, ICS, 
which counts up from zero to 1023 in binary, 
The outputs of ICS are fed to the address inputs 
of the EPROM, IC6. The contents of each ad- 
dress location are therefore read out sequen- 
tially. A logic ‘1’ on a data output of the 
EPROM will turn the corresponding lamp on via 
the associated driver transistor and triac. When 
the output is logic zero, the lamp will be ex- 
tinguished. 

The supply voltage for transistors T1...T8 is 
only present for about 300 s at the zero- 
crossing of the mains voltage. This is ac- 
complished by the circuitry around N1...N3, T9 
and T10. Thus if the base of tht transistor is also 
high at this particular moment, the correspond- 
ing triac will turn on and will remain on for the 
remainder of the half-cycle. The supply voltages 
for the remainder of the circuit are provided by 
the voltage regulators IC1...1C3, 

WARNING: Mains yoltages are present 
throughout the circuit — so BE CAREFUL! 
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It is surprising how often TTL ICs are asked to 
perform a difficult (if not impossible) task. It is, 
of course, gratifying to know that experimenters 
have so much confidence in the capabilities of 
the TTL logic family, But, on the other hand, 
why drive the devices to extremes when they are 
not likely to survive? More often than not the 
output of this type of IC is overloaded, or they 
are used, mistakenly, to drive CMOS ICs di- 
rectly. In the latter case, the guaranteed active 
pull-up TTL output voltage (2.4 V) is lower than 
the minimum CMOS input voltage required to 
guarantee switching (3.5 V). Also, the input im- 
pedance of CMOS ICs is essentially capacitive, 
which means that the slew rate of the TTL out- 
put signal will suffer at high frequencies. 

The upper trace in the photograph shows the ef- 
fect when a TTL output is capacitively loaded 
(220 pF in this instance). The negative-going 
edges of the signal are still quite acceptable, as 
TTL outputs can ‘sink’ more current than they 
can ‘source’, However, the output current will 
be reduced at the same rate at which the voltage 
level increases causing the positive-going edge to 
level off. As would be expected, CMOS ICs do 
not react favourably to this type of signal. This 
is because CMOS ICs will not switch until the 
input level has reached approximately half the 
supply level, unless the manufacturer has taken 
the appropriate measures to avoid this. As a re- 
sult, a delay of about 40 ns will be incurred and 
the poor signal edge at the input is bound to lead 
to a far optimum edge at the output. 

In the case of the lower signal shown, an effort 
has been made to improve the positive-going 
edge by including a pull-up resistor between the 
TTL output and the positive supply voltage. 
This resistor (220 M ) will certainly improve the 
positive-going edge of the signal, but at the ex- 
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We all know that it is quite easy to forget to turn 
off the soldering iron. If you then go out of the 
house with other things on your mind, it is just 
possible to return to find a heap of smoking 








Fast TTL interface 
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pense of the negative-going edge. The ideal sol- 
ution, therefore, is to incorporate a VFET which 
will only operate during the positive-going sec- 
tion of the waveform. The middle signal shows 
that the amplitude will now be the same as the 
full supply voltage and the positive-going edge 
reaches its peak very rapidly despite the capaci- 
tive load. 

Note: the oscilloscope in the photograph was set 
up as follows: 

vertical deflection = — 
horizontal deflection — 


2 V/div. 

100 ns/div (in other 
words, the frequency 
of the signal on dis- 
play is 4 MHz!!). 


Automatic soldering iron 
switch 


rubble. This would be extremely upsetting, es- 
pecially when this sort of calamity can easily be 
avoided. The results are not usually so dramatic, 
but the least you can expect is a bigger electricity 
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bill. The circuit here will iron the problem out 
and will repay the effort of making it in a very 
short time. 

The circuit operates as follows. IC1 is an oscil- 
lator divided by 2}? which generates a time inter- 
val of about a quarter of an hour. At the end of 
this time a LED flashes and a buzzer sounds. 
Unless S1 is pressed within 5Q seconds, the cir- 
cuit switches itself, and the soldering iron, off. If 
S1 is pressed, IC1 re-starts the 15 minute period. 
Although the prototype circuit behaved satisfac- 
torily, it is just possible that ‘spikes’ on the 
mains supply line will cause the relay to pull 
itself back in. In this case the relay must have an 








It is quite often the case that the electronics en- 
thusiast requires a constant current source. 
When such a need does arise, for example for 
test purposes, it is a piece of equipment that is 
not usually available. However, it is not necess- 
ary to construct an entire constant current 
source for each application. It is sufficient to 
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extra contact, to positively switch it off. This 
then requires a third pole of S1, to bridge this 
contact at switch on. 

The switching can be done using two separate 
push switches which must be pressed simul- 
taneously. 

If a relay is available with an operating voltage 
other than 12 volts, then the circuit can be oper- 
ated at the relay voltage, by changing the power 
supply and regulator. The supply voltage must, 
however, be kept between 3 and 18 yolts. 


M.A. Prins 











Constant current 


adapter 

Table 

$1 i Pix 

1 10p A...100p A 10pA 
2 100p A...1 mA 100p A 
3 1 mA...10 mA 1mA 
4 10 mA...100 mA. 10 mA 
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| 
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4 1=symmetric-to-asymmetric voltage converter. @) 
2 = voltage-controlled current source mee 


3 = current range switch 
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haye an adapter that can be connected to an 
existing power supply whenever a constant cur- 
rent source is required. 

The proposed circuit has another useful appli- 
cation: the asymmetric-to-symmetric power 
supply converter at the front end of the constant 
current adapter can be used separately to power 
an amplifier or similar circuit. 

Most amateur constructors own a mains power 
supply with a variable output voltage of up to 
30 V and acurrent output of around 200 mA (or 
greater). This supply can then be used to power 
the constant current adapter. 

The asymmetric-to-symmetric converter consist- 
ing of ICI and transistors T! and T2 provides an 
effective output voltage of + 15 V across the 
two capacitors C2 and C3. This symmetrical 
supply can be used separately provided the re- 
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quired output current is no greater than about 
50 mA. 

Let us now examine the constant current adapter 
itself in greater detail. The asymmetric-to-sym- 
metric voltage converter is required to power the 
operational amplifier IC2. This opamp is used as 
the current source and is controlled by the poten- 
tial divider consisting of potentiometer P1 and 
resistors R3 and R4. Potentiometer P1 can be 
adjusted to give an output voltage of between 

Deere) 

‘A constant current will flow through load re- 
sistor RL, which is dependent on the voltage set- 
ting of P1 and on the range selected by switch 
Sl. The circuit is such that, regardless of the 
actual range, the current through Ry, is deter- 
mined by the setting of Pl. Transistors T3 and 
T4 simply form a buffer stage. 











te1,1c2 = 741 
71,13 =BD139 


72,74 = BD 140 
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The output current of the adapter can be calcu- 
lated from the formula. 


0.1 x Up} 
R10 or R11 or R12 or R13 


Potentiometer P1 should be provided with a 
scale from 1 to 10 so that it is easier to control 
the desired current. Depending on the setting of 
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the range switch SI, the current can then be de- 
duced with the aid of the multiplication factor 
given in the table below. Potentiometer P2 
should be adjusted initially so that an output 
current of 10 p A is obtained when S1 is in pos- 
ition ‘I’ and P1 is set at minimum output. 


R. Storn 


Hydro-alarm 


9.V/0.5 ma 








OSCILLATOR = 1 He 









Na=1c1=4093. 161 
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It is well known that plant growers with a large 
‘collection’ have to work very hard in order to 
produce successful results. The watering of 
plants is only one job that has to be done and 
can become time consuming if large numbers of 
plants are involved. The same is not true of the 
‘domestic’ plant where on many occasions it 
may be forgotten and allowed to run dry. The 
watering of plants can be aided by electronics, 
however, and the simple circuit shown here will 
produce an audible indication when the plant re- 
quires topping up. 

The two electrodes (@ and © in the illus- 
tration) are placed in the pot and form the 
‘hydro switch’. When water covers the ends of 
these probes the output of the 1 kHz oscillator 
(N1) will be fed to point (C) in the circuit dia- 
gram. The AC signal is rectified by diodes D1 
and D2 and causes pin 13 of N4 to be taken low. 
Since this gate forms the basis of another oscil- 
lator, a low level on this input will prevent it 
from doing its job. When the water level drops 
lower than the end of the probe pin 13 will be 
pulled high by R9. The Né oscillator will now 
produce an output to the buzzer indicating that 
the plant requires water. The buzzer tone can be 


314 


Troon 
sete 


varied by adjustment of the 500 k preset. 

A third electrode @) is also placed in the pot but 
ending at a higher level than @) or Q, in fact it 
should just reach the maximum water level 
point. This should give you a clue to its purpose. 
Switch Si must be pressed while watering the 
plant. When the water level in the pot reaches 
the end of electrode (®), LED DS will light thus 
giving a precise visual indication that the plant 
has sufficient water. To economise on current 
consumption the LED will only remain lit for 
some ten seconds after S1 is released. This time 
can be increased if required by raising the value 
of C8. 

The electrodes can be made from lengths of cop- 
per wire or etched as tracks on a strip of printed 
circuit board. As the current through them will 
be AC, corrosion will be reduced and they 
should have a fairly long life. 

The supply voltage is not critical and may be 
anywhere between 5 to 15 volts. However, if it is 
significantly less than the suggested 9 volts, the 
cross section of electrode © will need to be 
fairly large to allow for the voltage drop across 
DI1...D3. 
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Automatic reset 





This circuit is designed to generate a reset pulse 
whenever the supply voltage is switched on and, 
in addition, whenever there is any substantial 
interference ‘spikes’ on the power supply lines. 
Most digital circuits (and microprocessor sys- 
tems in particular) have to be reset for a certain 
period after the supply voltage is initially 
switched on. In this instance, an active low reset 
pulse is generated which will remain logic zero 
for 30 ms after the supply is switched on. At the 
end of this duration the supply will be fully on. 
The ‘automatic reset’ works as follows. The sec- 
tion of circuit around transistors T1 and T2 en- 
sures that the voltage across capacitor Cl re- 
mains 0 V until the supply voltage reaches a level 
of 4.5 V. As soon as the supply voltage reaches 
this value, the transistors will stop conducting 
and capacitor C1 will gradually charge up via re- 
sistor RS. As a result, the voltage at point A will 
slowly drop from around 4,5 V to 0 V, causing 
the Schmitt trigger formed by NI and N2 to be 
triggered and the output RES will go high. In 
other words, the RES output will most definitely 
be low for about 30 ms after switch-on until the 
supply voltage level has attained its correct value 
(+4.75 V for TTL). 







A stable power supply is absolutely essential for 
the correct operation of computers and TTL cir- 
cuits. A voltage fluctuation of 10% is certainly 


As a side-line, the circuit also allows for a reset 
pulse to be generated if ever the supply voltage 
should drop below 4.5 V for any reason. In cer- 
tain computer applications this could well be 
vital, as such an interference spike, however 
short, could well erase a large section of mem- 
ory! For this reason a noise generated reset pulse 
could well be useful, as the computer operator 
then knows that the program will always be 
started from ‘square one’. 
The photograph shows a characteristic form of 
interference spike and the reset pulse that is gen- 
erated from it. 
Finally, it should be noted that the Schmitt trig- 
ger need not necessarily be constructed from two 
inverters and two resistors. In fact, any type of 
Schmitt trigger will perform adequately here, 
such as the 74LS132 for instance. 

a7 
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LED voltage monitor J 


not tolerable, therefore it is prudent to keep a 
regular check on the supply voltage level. 
Because of their lack of resolution and accuracy 
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it is inadvisable to use analogue panel meters to 
monitor the power supply voltage. Besides this, 
a fluttering pointer is hardly the best choice for a 
warning device. The LED voltage monitor solves 
all these problems. 

The voltage monitor is set up so that only the 
range between 4.5 V and 5.5 V is covered. The 
device used, the LM 3914, is very similar to the 
LM 3915. There is a slight difference between 
the two however: The LM 3915 has a logarithmic 
scale whereas the LM 3914 has a linear scale. 
The latter device contains a row of 10 identical 
1k Q resistors. 

The two reference levels, RLO and RHI, of the 
potential divider network P1, P2 and R4...R6, 
are set to 4.51/: 1,5 Vand 5.41/3 = 1.8 Vre- 
spectively. The ‘3’ is brought into the calculation 
as the input voltage is also divided by three by re- 
sistors R1...R3. The table shows which LEDs 
will light for the corresponding input voltage 
once the circuit has been set up correctly. 

For a clear warning indication it is best to use red 
LEDs for D1 and D10 and green ones for the 
rest. It may also be useful to use a different 
colour (orange) for DS and D6 as an indication 
of the nominal voltage level. 

The power supply for the circuit can be taken 
from the voltage to be monitored as the current 
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requirement is only 20 mA. Diode D1! is in- 
cluded to protect the circuit against reverse input 
polarity. 

To calibrate the circuit it must be*tonnected to 
an adjustable regulated power supply. The input 
voltage is then adjusted until a reading of 5,41 V 
is obtained on a digital voltmeter. Potentiometer 
PI can now be adjusted so that D9 and D10 light 
up simultaneously. The input voltage is then set 
toa level of 4.61 V and P2 is adjusted so that D1 
and D2 light simultaneously. As the internal re- 
sistors have a slight effect on the circuit it is 
advisable to repeat the calibration procedyre to 
obtain the optimum accuracy. To ensure satis- 
factory performance of the LED voltage moni- 
tor, all resistors must have a tolerance of 5%. 


Table 
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It is very easy to construct a crystal oscillator 
using a field effect transistor. This particular cir- 
cuit operates at relatively low supply voltages, 
from 1.5 volts upwards, and was tested with 
common-or-garden quartz crystals with fre- 
quencies ranging from 100 kHz to 10 MHz. 

The crystal is connected between the drain and 
gate of the field effect transistor, T1, and oper- 
ates in the parallel resonance mode. Coil L1 is 
included to improve the frequency range. 
Furthermore, it helps as an additional parallel 
coil for those crystals which are not particularly 
suited for this application and which do not feel 
like oscillating. Capacitor C1 is the series ‘pad- 
ding’ capacitor for the crystal. The necessary 
feedback and the 180° phase shift is provided by 
the internal input and output capacitances of the 
FET. The output signal is buffered by transistor 









Crystal oscillator... 
...for low voltage supplies} 


15.10 


100K. JOMH2 cx 





T2, 

This circuit was tested with the following range 
of crystals: 100 kHz, 1 MHz, 4 MHz, 6 MHz, 
8 MHzand 10 MHz. The circuit can be used ina 
variety of applications due to its low supply volt- 
age requirements (1.5 V minimum). 


6 to 12 volt converter 





There are an amazing number of VW Beetles 
and Fords on the road which still operate on a 
6 V battery. In such vehicles (and motorcycles) 
there are always problems when trying to install 
a modern car radio as they require a power 
supply of at least 10.7 V. One solution is to in- 
corporate a 6 to 12 V converter of the type de- 
scribed here. This simple converter provides an 
output of around 700 mA and is relatively inex- 
pensive to construct. 


1 1c1,lc2= TDA 2002/r0A 2003 
6...8V D1... D3 = 1N5401/1NG001 


p 








These two characteristics — simple and cheap — 
arise from the concept of the circuit which con- 
tains two integrated audio power amplifiers and 
does not require a transformer. The first ampli- 
fier, ICI, functions as an astable power mult 





vibrator. The frequency of oscillation is deter- 
mined by the value of capacitor C3 and is ap- 
proximately 4 kHz with no load and maximally 
6 kHz when a load is applied. The output signal 


of a second amplifier, 1C2, is identical to that of 
BD 136/138/140 





the first, albeit 180 degrees out of phase. 

When the output voltage of IC1 is low, capacitor 
C4 charges up via diode D1 to almost full supply 
voltage (reduced slightly by the potential drop 
across D1). When the output of the AMV (IC1) 
becomes positive, the output voltage is added to 
that across C4 so that diode D1 blocks and ca- 
pacitor C5 charges via diode D2 to a level which 
is almost double that of the original input volt- 
age. Because of the opposite phase control of 
IC2, the negative electrode of CS is until then 
held low yia the output of IC2. At the next 
change of polarity of the AMY, the output of 
IC1 again goes low and the output of IC2 goes 
high. This causes C4 to be charged and the volt- 
age across C5 to be increased. Capacitor C5 then 
passes its potential on to the output capacitor C6 
via diode D3. 
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In theory, therefore, the final effect of the cir- 
cuit is to treble the input voltage, but in practice 
C6 will only attain a somewhat lower voltage, 
which depends on the load. Measurements taken 
revealed that a 6 V lead-acid battery with anom- 
inal voltage of 7.2 V, produced an output volt- 
age of 18 V with no load connected, but with a 
load of 750 mA this dropped to 12 V. At an ‘ay- 
erage’ current of 400 mA, the output voltage 
amounts to about 14 V. These values are un- 
doubtedly quite sufficient to power a standard 
mono car radio. Measurements with several 
similar receivers of different makes have shown 
that none of them consumed more than 500 mA 
and at average volume a value of 300 mA was 
rarely exceeded. 

To prevent an unacceptable rise in power con- 
sumption when connected to a low impedance 





Parts list 


Resistors: 





Capacitors: 
C1, C3, C7 = 100n 
C2 = 100n /16V 

C4, C5 = 1000/16 V 
C6 = 1000 1/25 V 

08 = 220/16 V 


Semiconductors: 

= BD 136/138/140 

BC 547B 

D1, D2, D3 = 1N5401/1N4001 
D4 = 15 V/400 mW zener diode 
C1, IC2 = TDA 2002/TDA 2003 





Joad, the converter is provided with an ad- 
ditional limiter stage consisting of a 15 V zener 
diode and a complementary Darlington circuit 
(transistors Tl and 12). This arrangement 
limites the maximum voltage to about 14,2 V. At 
the same time, capacitor C8 connected to the 
two transistors reduced the ripple of the output 
voltage to less than 50 mV under full load con- 
ditions. During practical trials no effect of the 
oscillating frequency of the converter on the 
quality of radio reception was noticed 


The printed circuit board for the converter is 
shown in figure 2. Due to its small size, construc- 
tion of the circuit should not pose any problems. 
Both IC amplifiers and transistor T1 can be kept 
sufficiently cool if these components are moun- 
ted (with mica washers) on a common heatsink 
along the longest side of the board. The heatsink 
should be as large as the board itself and should 
be mounted at 90 degrees to the board in order 
to guarantee an optimum heat transfer. Both IC 
amplifiers contain integrated protection circuitry 
against short circuits and thermal overload, so 
that the worst need not be feared if the unit is 
subjected to overload or overheating. 

Either the TDA 2002 or the TSA 2003 can be 
used for the amplifiers. The TDA 2003 has the 
edge on the 2002 due to a few improved charac- 
teristics. The same holds true for the diodes; the 
3 A diodes (1N5401) are best suited because less 
voltage is dropped across them. When 1N4001 
types are used, a loss in output voltage of 0.5 V 
to 1 V should be expected. 

If the values of capacitors C4, C5 and C6 are in- 
creased to 200 F, the maximum output current 
is raised by about 100 mA. For even higher out- 
put currents, two converters can be connected in 
parallel. In that case, the limiting stage (R5, C8, 
D4, TI and T2) is omitted from the second 
board and a connection made between the two 
Positive electrodes of the two C6s. Transistor T1 
can then be one of the following types; BD 236, 
BD 238, BD 204, BD 288 or BD 438. The maxi- 
mum current that can be obtained by connecting 
two converters in parallel is nearly doubled to 
about 1.3 A, therefore stereo or cassette radios 
can be installed in 6 V cars quite easily. 
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12 V to 6 V converter 





After having described how a modern 12 V car 
radio can be installed in a vehicle with a 6 V sys- 
tem with the aid of a 6 V to 12 V converter, it 
may be a good idea to look at the other side of 
the coin — where a lower voltage is required 
from a 12 volt system. The most common appli- 
cation for this type of converter is when portable 
cassette recorders are to be used in the car. Many 
of these require a supply voltage of between 5...8 
volts. 

The simplest and most obvious solution is to use 
an integrated voltage regulator. Apart from util- 


ising 6 volt types such as the 7806, it is also poss- 
ible to use a 5 volt version (7805 of LM 309) and 
boost its output voltage by including two diodes 
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in the common lead as shown in the circuit dia- 
gram. Depending on the type of diodes used, this 
will produce an output voltage between 6 V and 
6.5 V. The maximum output current of the types 
mentioned is 1 A. It is important to ensure that 
the regulator is sufficiently cooled by means of a 
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No doubt, everyone is familiar with the kind of 
scales to be found on Post Office counters. A 
letter or small parcel is placed on it and the 
weight and the required postage can be read off 
it. There is no reason why this can not be ac- 
complished electronically. Of course, some 
mechanical ingenuity will be required as the 
equipment will include some form of scale or 
balance mechanism. Moreover, the electronic 
scales should look similar to the mechanical 
counterpart. If the latter were not the case, no- 














vse AG = 12 = LM324 
21D7=LED 
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suitable heatsink. 

Combined radio/cassette players very often re- 
quire a slightly higher voltage of 7.5 V. In this 
instance, either the 7808 can be used, or the 7805 
with four diodes in series with the common lead. 





Post office letter scales 


Table LED weight ing. 
- less than 60 
D3 60...100 
D3, D4 + 100...150 
D3...D5 150...200 
D3...D6 over 60 


body would think of putting a letter on to weight 
it! 

Let us first consider the electronic details, The 
quite simple circuit is shown in figure 1, It. con- 
sists of two ICs and a few other components. 
The 9 volt supply from the battery is stabilised 
by an integrated voltage regulator, IC1. For this 
reason, the registered tariffs are reasonably inde- 
pendent of changing voltage supplies (a falling 
battery voltage). Similar to the mechanical ver- 
sion, the electronic scale will indicate five differ- 
ent rates (see table) by means of LEDs. The rel- 
evant LED will light up depending on the weight 
of the letter placed on the scales. The LEDs are 
activated by opamps A1...A4, which are connec- 
ted as comparators. Potentiometers P1...P4 are 
used to preset the ‘target’ voltage at the non- 
inverting inputs of the comparators. The actual 
voltage, which is a measure of the weight of the 
letter is fed to the inverting inputs via the light 
dependent resistor (LDR), R3. 

Depending on the amount of light radiated by 
the yellow LED, D7, actually falling on the 
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Parts list 
Resistors: 

R1 = 56k 

R2 = 1000 

R3 = LDR O03 
R4 = 479 
R5...R8 = 3300 


P1..P4 = 250 k preset 
Capacitors: 

C1 = 10 /10 V tantalum 
C2 = 1p /16 V tantalum 


Semiconductors: 





D1 = 5V1/400 mW zener diode 
D2 = green LED 

D3...D6 = red LED 

D yellow LED 

1C1.= 7805 





IC2 = LM 324, CA 324 


Figure 1. The circuit diagram of the scales. 
It consists of two integrated circuits and a 
few extra components. LEDs D3...D6 indl- 
cate the various weights and postal 
charg ‘he opto-coupler consists of LED 
D7 and the LDR R3. 








Figure 2. An exploded view of the scales. 
The tip of the ballpoint pen controls the 
amount of light that falls on the LDR. 


Figure 3. The printed circult board and com- 
ponent layout for the scales. LED D7, the 
LDR and the wiring are soldered to the 
underside of the board. 
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D3= 60...<1009 
D4= 100... < 150 
D5 = 150...<2009 


D6 = <2009 
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LDR, acertain voltage will appear at all four in- 
verting inputs of the comparators. When this 
voltage is identical to, or greater than, that pre- 
set at the non-inverting input, the relative opamp 
output will go low. As the anodes of the LEDs 
are connected to the positive aide of the power 
supply, the corresponding LED will light up. 

The mechanical construction of the scales (see 
figure 2) is reminiscent of the good old ‘canned 
circuits’ issue (December 1980). In fact, the best 
thing to use for this purpose is an old beer or soft 
drinks can. Actually, two are required. The lid 
of the first one (with the ring-pull) is removed 
and discarded. The bottom of the second one is 

















also removed (carefully) as this will be used as 
the lid for the first one later on, the remainder of 
this can can also be thrown away. A hole that 
will just allow a ballpoint pen to pass through it 
is drilled in the bottom of the undiscarded can 
(which is, in fact, used upside-down). The ball- 
point pen is then attached to the base of the dis- 
carded can. Next, the printed circuit board is 
mounted in the can with sufficiently long bolts 
and spacers (see figures 2 and 3). The exact lo- 
cation of the printed circuit board should be 
kept so that the ballpoint pen is positioned as 
shown in the illustration. Obviously, the pen 
must be fixed into place before all the bolts are 
tightened up. 

It should now become clear how the LED (D7), 
the LDR and the point of the pen combine to 
form the opto-coupler. At this stage it is essen- 
tial that the LED and/or the LDR be positioned 
accurately. The ballpoint pen is then cut to size 
so that it just protrudes through the underside of 
the printed circuit board. A piece of copper-clad 
board is then cut to the required dimensions and 
glued into the end of the ballpoint. 

The next operation is to drill holes in the side of 
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the can to accommodate the LEDs, the switch 
(SI) and the holes whereby the preset potentio- 
meters can be adjusted. It is probably easiest to 
mount the LEDs together on a small piece of 
Veroboard. Connections to the main board can 
then be made via a length of ribbon cable, 
which, once soldered, can be glued into place. 
The 9 V battery can be stuck to the side of the 
can with a piece of double-sided sticky tape. 
Obviously, the positioning of the potentiometer 
adjustment holes must be determined yery accu- 
rately. Once everything has been packed in and 
all the soldering completed, the scales are ready 
for use. 

The table shown here should be attached to the 
outside of the can next to the LEDs, so that the 
amount of postage required for the particular 
letter can be read off immediately. The scales are 
calibrated by adjusting the four trimmer poten- 
tiometers with known weights on the scales. 
LED D3 should light up over 60 g, D4 over 
100 g, DS over 150g and D6 over 200 g. 








‘The very long life span of LEDs make them emi: 
nently suitable for on/off indicators. However, 
their use on mains voltages has been restricted 
since a low operating voltage prevents their 
direct connection with the mains supply in the 
manner of aneon. 

Fortunately, there is a way around this problem, 
the AC resistance of a capacitor can be used to 
limit the current. No power is lost in the capaci- 
tor at all, since the current passing through the 
capacitor and the voltage across it are 90° out of 
phase with respect to each other. 

Zener diode D2, acting as an ordinary forward- 
biased diode in this instance, prevents excess 
voltage levels appearing across the LED during 
the negative half-cycle of the mains waveform. 
If the circuit is switched on during the positive 
half, D2 will prevent the voltage across LED D1 
and R1 from rising above 2.7 V. If an ordinary 
diode were used here, as in the earlier circuit, the 
LED is likely to go to the big scrap box in the 
sky. 

The value of Cl determines the current passing 
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through the LED. When C1 = 100n the current 
will be about 4 mA, and about 20 mA if a value 
of 470 nis chosen. 








DEA, Universal digital meter 


This digital meter is a great improvement on pre- 
vious designs through the inclusion of an input 
stage containing J-FET opamps. This avoids 
various problems such as an unstable zero-read- 
ing. The J-FET inputs provide a very high input 
impedance and instead of the normal protection 
diodes, the circuit contains transistors connected 
as diodes, The transistors used have a low leak- 
age current (1 nA). 

The reason for selecting such an extensive input 
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stage rests on two factors: The common-mode 
input of the 356 opamp has a range of 
—4 V...+4V. The second reason is the fact that 
the input bias current the 356 gets away with a 
mere 30 pA. 

The input signal is fed to IC4 via resistor R11. 
This IC controls the seven-segment driver (IC5) 
and is responsible for displaying the information 
once it arrives. The three position switch (S1), 
situated to the left of IC4 on the circuit diagram, 
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varies the sample-rate of the incoming data, In 
position (a) a sample is taken every quarter of a 
second, but in position (b) the display is ‘frozen’. 
To display a rapidly changing input signal, the 
switch should be placed in position (c) in which 
case the sample-rate is once every 0.01 seconds 
and the meter responds very quickly. 

Calibration of the universal digital meter is ac- 
complished as follows: Firstly, opamp IC3 is re- 
moved and the left-hand side (circuit diagram- 
wise) of R11 is connected to ground. Preset po- 
tentiometer P3 is then adjusted so that the dis- 
play reads 000. Opamp IC3 is then re-inserted 
and the earth connection removed from R11, 
Now, the two inputs, Hi and Lo, are connected 
to ground instead and preset potentiometer P2 is 
then adjusted to give a reading of 000 on the dis- 
play. The next thing to do is to connect both the 
Hi and Lo inputs to a voltage supply of about 
3'V and again adjust P1 to bring the display 
reading back to 000 (common-mode rejection). 
Finally, an accurate known voltage of, for 
example, 800 mV is connected to the input, after 
which' preset P4 is adjusted to give the correct 
display of 800. During this last operation the Lo 
input should be connected to ground. 

The power supply for the circuit is so simple that 
it hardly needs any description. Fhe zener diode 
is included to provide transistors T2 and T4 with 
a slightly negative bias voltage. The power 
supply circuit is shown in figure 2. 

An important feature of the overall design is the 
fact that the meter can be used in the floating or 
fixed mode. In the floating mode, the case of the 
meter (chassis) should be connected to the case 
of the equipment which is being tested. Also, the 
common-mode input voltage should, in all in- 
stances, lie somewhere between —4.0 V and 
+0.4V. 

In cases where the meter is operated in the fixed 
mode, the Lo input should be connected to 
ground. The input impedance of the meter, with 
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resistor R1 in place, is 1 MQ. If desired, an 
input divider such as that shown in figure 3 can 
be incorporated, in which case R1 must be omit- 
ted altogether. 

Resistors R2...R9 are contained in a 16 pin DIL 
IC package. If this particular device proves diffi- 
cult to obtain, separate 100k Q , 1/8 W resistors 
with a tolerance of 1% can be used instead of the 
array. 


Parts list 


Resistors: 

R1,R10 = 1M 

R2...R9 = 100 k (see text) 
R11 = 10k 

R12, R13, R15 = 1k 

R14 = 2200 

Pi, P2 = 25k 

P3 = 47k 

P4 = 10k 


Capacitors: 
C1, C3, C4 = 330n 
C2 = 100n 
C5 = 270n 


Semiconductors: 

T1...17 = BC 557 

D1 = 1N4001 

D2 = 4V7, 400 mW zener diode 

1C1...1C3 = 356 

IC4 = CA 3162E 

IC5 = CA 3161E 

IC6 = 7805 

LD1...LD3 = red FND557 
green FND537 
yellow FND547 
or: TIL 701 
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Crystal tuning fork 





The musician, who does not possess ‘perfect 
pitch’, will no doubt occasionally have to use a 
tuning aid such as a tuning fork or an electronic 
440 Hz sound generator. Low frequency 440 Hz 
oscillators are not ideally suited for use as ‘elec- 
tronic tuning forks’ because of their inherent in- 
stability. For this reason, the crystal controlled 
oscillator described here may well offer the best 
solution. 

Crystals with a frequency of 27.025 MHz for use 
in model radio control transmitters, are reason- 
ably inexpensive and readily available. Such a 
crystal oscillates at a basic frequency of 
9.0083 MHz, which when first divided by 5 and 
then by 12!? yields a tone with a frequency of 
439.86 Hz. Ideally, a crystal with a frequency of 
27.035 MHz, channel 7 of American CB trans- 
ceivers, would give slightly more accurate results 
(440.02 Hz), but these are, as yet, not readily 
available in the UK! 

The division by 2'? (= 4096) can be obtained by 
connecting twelve flipflops in series (IC3...1C5), 
while the oscillator signal is divided by 5 in IC2. 
Transistor T2 and the gates in ICI serve to buf- 


fer the oscillator signal from T1, and transistors 
T3 and T4 allow a direct connection to an 8 

loudspeaker. Resistor R6, indicated with an as- 
terisk, regulates the volume of the resultant tone 
and can be reduced to a minimum of 22 . The 
volume can also be increased by raising the bat- 
tery voltage or by placing the speaker in a box. 

If the circuit is to be made part of the Elektor 
Formant synthesiser, as an extra module, it can 
be powered from the +15 V rail. Current con- 
sumption is somewhere in the region of 40... 
50 mA. 

Readers who possess a sufficiently accurate fre- 
quency counter, can try to adjust the oscillator 
frequency to 9.0112 MHz, using the trimmer ca- 
pacitor C5. However, this may not be possible as 
it is slightly ‘off frequency’ as far as the crystal is 
concerned. A figure of 9.008332 is more likely. 
Nevertheless, without adjustment, the circuit 
will provide a typical tone frequency of 440 Hz 
with a maximum deviation of +0.05 Hz. This 
remains considerably more precise than most 
mechanical devices. 












sv 
Lia} [a] 
tice fh icp PH cg 
(J 74.500 74.03 7aLs93 
ta} 
ers] EFI BRIS: 
































Bes 


























Parts list Semiconductors: 

71,72 = BF 198, BF 199, BF 494 
Resistors: T3 = BC 547B 
R1 = 100k T4 = BC 557B 
R2 = 2200 IC1 = 74LS00 
R3 = 4.79 \C2 = 74LS90 
R4 = 2k2 1C3...1C5 = 74LS93 
RS = 4k7 1C6 = 78L05 
R6 = 470 * 

Miscellaneous: 
Capacitors: Li = 100HH 
C1, C7, C8 = 100n X1 = 27.025 MHz crystal (with holder) 
C2 = 330p S1 = single-pole switch 
C3 = 33p LS = 8M /0.2 W loudspeaker 
C4 = 68p 
C5 = 50 p trimmer 
C6 = 68n 
C9 = 10" M6V * see text 

2916} Microcompressor 





Dynamic range compressors can be used in any 
device that requires a constant audio output 
level. The first example that comes to mind is the 
automatic record level control in cassette re- 
corders. The compressor can also be employed, 


however, in such items as amateur radio equip- 
ment, discotheques, babyphones and intercom 
systems to ensure optimum intelligibility and to 
Prevent any damage to amplifiers and loud- 
speakers. When used in combination with a 
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Ic1=TDA 1054 


microphone, compressors give amazingly good 
results as both quiet and loud speech passages 
are equally intelligible. 

The circuit itself is designed around the 
TDA 1054 multi-purpose opamp from SGS- 
Ates. This IC contains four separate elements, 
each of which performs its own particular task. 
ICla is a preamplifier which is used to boost the 
input signal to about 50x (1 + R5/R4). Opamp 
ICIb is also used as a preamplifier, but this has a 
gain of 400 x (1 + R11I/R10). The function of 
ICId is to remove any ripple from the supply 
voltage, while ICIc takes care of the actual auto- 
matic level control. 

A good compressor should compress the entire 
signal in a linear fashion, in other words, not by 
simply ‘clipping’ the top of the waveform. This 
can be accomplished by making the amount of 
level reduction dependent on the largest ampli- 
tude appearing in the input signal. To do this, 
the amplitude of the output signal is monitored 
and when this rises above a certain level, attenu- 
ation is introduced. 

The attenuator, ICIc, is driven via resistor R13 
and capacitor C7 and acts as a variable resist- 
ance between the junction of C3/C4 and 
ground. This ensures that the input to the output 
amplifier, IC1b, is sufficiently attenuated when 
the output level rises above about 1 V rms. Ca- 
pacitor C7 gives the system delay time which is 
necessary to ensure that control is adequately 
fast to follow the envelope of the signal wave- 
form, but not fast enough to respond to the 
waveform itself. This capacitor therefore deter- 
mines the attack time of the circuit. The decay 
time depends on the values of capacitor C6 and 
resistor R12. This delay time must be much 
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Jonger in order to maintain a reasonably consist- 
ent sound level. 

A graphic illustration of how the circuit works is 
shown in figure 2. The times given are valid for 
the component values in figure 1. The attack and 
decay times can be modified according to per- 
sonal taste by changing the values of C7 and C6 
respectively. 

The input of the microcompressor is suitable for 
low signal levels, for instance from micro- 
phones. The isput impedance is approximately 
50k. Higher input signal levels can be con- 
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nected directly to resistor R8, in which case the 
entire circuit before R8 can be omitted. 
The supply voltage can be increased to 12 Vif 
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12 dB/oct 
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2500 Hz 





desired, but this will mean that the rating of the 
electrolytic capacitors will have to be increased 
also. 





Active notch or CW filter; 


In general, the majority of low-cost shortwave 
receivers have poor selectivity. Usually, recep- 
tion is accompanied by a number of interfering 
signals, or more than one transmission is heard 
at the same time (especially with CW trans- 
missions, which have a very narrow bandwidth). 
‘An add-on extra for the existing inexpensive set 
could therefore prove very useful, particularly if 
a (much) more expensive one is not available (or 
the funds thereof). 

The filter described here is an active equivalent 
for an LC tuned circuit and can be operated in 
the parallel mode (peaking function) or the series 
mode (notch function) as can be seen from fig- 
ure 1. The filter is connected to the audio output 
of the receiver or, if present, the tape recorder 
output. The output of the filter is sufficient to 
drive a pair of headphones directly, provided 
their impedance is 600M or greater. 

The simulated inductor consists of the circuitry 
around opamps A2 and A3 (see figure 2). A 
12 dB per octave filter for the input signal is pro- 
vided by Al, while A4 acts as an amplifier with 
an adjustable gain of 2...30 times. 
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The resonant circuit can be switched between the 
parallel and series operating modes by means of 
Sl, The filter can be tuned over the range 300... 
400 Hz by means of potentiometer P1. With 
switch S1 in position B, preset potentiometer P3 
should be rotated to the position just prior to 
where the circuit starts oscillating. This calls for 
a precise alignment and therefore P3 should be a 
multi-turn type. The gain of the circuit can be 
adjusted by means of potentiometer P2. This 
can be a preset type if a fairly constant level of 
background noise is to be expected, otherwise a 
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In many instances, it is quite sufficient to control 
motors with an on/off type action, However, if 
@ more ‘linear’ control is required, the circuit 
given here may prove useful. The four bit magni- 
tude comparator (4063) inputs are EX-ORed and 
fed to a resistive divider chain to provide an out- 
put voltage which is proportional to the differ- 
ence of the comparator input values (with an ac- 
curacy of four bits). These values can be derived, 
for instance, from a binary counter. 

The outputs of the comparator (A > B, A = B, 
A < B) can be used to (indirectly) turn the 
motor on or off and/or to reverse the polarity of 
the supply voltage in the case of DC motors. 
This kind of circuitry can be applied where 
varicap control is not adequate, such as for re- 
mote antenna tuning or phase-noise free VCOs. 





When the frequency range over which the VCO 
of a phase-locked loop (PLL) must operate ex- 
ceeds an octave, a multiplier is no longer ad- 
equate for use as a phase detector. The circuit 
must, therefore, also be sensitive to frequency to 
avoid ‘locking’ when harmonics of the funda- 
mental lock frequency are present. In many in- 
stances the 4046 CMOS PLL IC performs an ex- 
tremely good job. However, it only has a maxi- 
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normal (volume control) potentiometer is pre- 

ferred. 

When the circuit is actually used, the following 

points must be remembered: 

1) the effects of frequency drift will be pro- 
nounced 

2) asthe AGC circuit responds to a much wider 
bandwidth than that of the filter, the re- 
covered signal could show ‘alien’ pumping 
action. 


H. Pietzko 
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mum operating frequency of 500 kHz which can 
give rise to certain problems. 

The circuit shown here has the above mentioned 
capability and behaves in a similar manner to the 
phase comparator (pin 13) of the 4046 PLL. The 
only differences being that the 4046 output is 
‘tri-state’ and this little circuit operates at higher 
frequencies than the 4046. 

When the input signals (1) and (2) have the same 
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‘This circuit can be extremely useful in, amongst 
other things, microprocessor systems. Should 
the main power voltage fail, the circuit will pro- 
vide a logic high level at its output a short time 
before the supply disappears completely. This 
time delay, although short, can be sufficient to 
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Al= LF 356 


frequency and phase relationship, the two flip- 
flops are both reset simultaneously. Should the 
phase shift between the two input signals alter, 
the reset timing will also change. In this instance, 
the average voltage at the Q output of one of the 
flipflops will be greater than that at the other. 
This is clearly illustrated in the timing diagram. 
The dc level at the output of the differential 
amplifier, Al, is used to control the VCO. The 
actual values of components R1...R4, Cl and C2 
depend on the frequency of operation. 





Power failure forecaster 


take emergency measures. For instance, storing 
the data contained in certain of the internal pro- 
cessor registers into a low-power standby ran- 
dom access memory (battery powered). 

In the circuit diagram, above the dotted line, 
there are two examples of 5 volt power supplies 














in which the circuit could be used. Also shown, 
are the relevant interconnections — this is why 
there are two sets of points marked X, Y and Z. 

The circuit operates as follows: the raw 
smoothed supply voltage appears at point B and 
the raw unsmoothed voltage, rectified by diodes 
D1 and D2 appears at point A. As can be seen 
from figure 2, the voltage at point A falls below 
that at point B every 20 ms (at each mains half 
cycle). At this moment in time transistor T1, and 
therefore transistor T2, turns on and the mono- 
stable multivibrator will be re-triggered. Since 
the pulse duration of the monoflop is approxi- 
mately 15 ms, the Q output will be low continu- 
ously as long as the main supply voltage is ap- 
plied. However, as soon as the main voltage 
fails, the voltage at point A will become lower 
than that at point B immediately due to the 
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Designing a preamp for the VHF waveband 
(around 100 MHz) is not always an easy matter. 
This circuit, however, is both relatively simple to 
use and is inexpensive. It has the advantage of a 
fairly large bandwidth (2 MHz) and good noise 
figure (2.5 dB). The preamp has a large dynamic 
range and a gain of 20 dB at a frequency of 144 
MHz. 

LI and L2 are air-cored coils with an internal 
diameter of 6 mm and consist of 4 turns of 1 mm 
silverplated copper wire. L1 is tapped one turn 
from the earthy end, whilst L2 has a tap one turn 
from the end nearest R3. Ceramic types are rec- 
ommended for the four 1 n capacitors. 
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T1=8F900 
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action of the smoothing capacitor. The MMV is 
then no longer (re-)triggered and the Q output 
will go high after a maximum of 15 ms. This out- 
put pulse can then be used to call an interrupt 
routine of the type mentioned above. 


VHF preamp 
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Table 6. Various eaulvalents tor the BC107, 
108, ...familes, The data ere those given by 
the Pro-Electron standard; individual man 
facturers will somatimes give better speci. 
‘emions for their own products 














































































































wen | pnp | case | Remarks 
ec 107 | ac 177 
jc 108 | 8c 178 |) 
ec 109 | ac 179 | 
ec 147 | acis7 ao 
jac ra | ac isa | +] | "280 mw 
ec1ag | acisa |‘ 
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pees ee SEN Necash lec sta Ho ma 
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BC 184 aC 382 BC 584 | | (remax * 60 mal: Trew moive 
pote Bests scsya) pcas| 
> c | NPN pnp_| | [acetal ac ais 
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